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Foreword

This Revised Groundwater Feasibility Study (RFS) Report for Installation Restoration Program
Site 70, Naval Weapons Station, Seal Beach is prepared as an addendum to the existing “Final
Groundwater FPeasibility Study Report for Installation Restoration Sites 40 and 70, Naval
Weapons Station Seal Beach, Seal Beach, California” (FS) prepared by Bechtel National Inc., in
June 2002, and should be evaluated as such. The RFS is consistent in structure to the existing FS
with the same general sections, tables, figures, and appendices. Only report sections, appendices,
tables, and figures that have been revised are included in the RFS text; these are labeled with a
prefix “R” in the heading to delineate the revised from the original versions. In order to maintain
consistency with the original FS, the table and figure numbers within the RFS may not always be
sequential and may not start from one. To facilitate the review of the RFS, unchanged figures
and tables that are referenced from the existing FS, are included in Attachment A. Where
possible, added RES text, tables, and figures not included within the original FS have been
appended to the end of the respective section(s) of the document. The Table of Contents (TOC)
in the RFS provides a cross reference for sections, figures, tables, and appendices. The
of the TOC reflect elements of the FS that have not been altered for the RFS, and are
thus incorporated by reference. Unshaded portions of the TOC reflect text, tables, figures, and
appendices that have been included within the RFS. The appendices have been incorporated by
reference except for the portions that have been edited or added. At this time, Appendix A has
not been altered and remains the same as in the existing FS.

Final GW RFS Repoit IR Site 70, NAVWPNSTA Seal Beach. SB
Ciirtwbifinal RFS\2005-RF S-Forsword=25-08-05 dos



RFS/GeoSyntec Consultants
NAA7408-04-C-7526
Date: 08/25/05

EXECUTIVE SUMMARY

This report contains a revised feasibility study (RFS) conducted for Installation Restoration
Program (JIR) Site 70 at Naval Weapons Station Seal Beach (NAVWPNSTA Seal Beach), Seal
Beach, California. This RFS contains a description and evaluation of potential remedial
alternatives to mitigate risks to human health from groundwater impacted with volatile organic
compounds (VOCs), originating from IR Site 70. The RFS focuses on the evaluation of a
bioremediation alternative designed to address IR Site 70 groundwater issues.

The Department of the Navy (DON) is the lead federal agency for environmental cleanup
activities at NAVWPNTSA Seal Beach, conducting such work within the context of the IR
Program. To implement this program, the DON has elected to follow remedial investigation (RI)
and Feasibility Study (FS) protocols prescribed by the United States Environmental Protection
Agency (U.S. EPA) for facilities subject to the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA).

This RFS does not identify or recommend a preferred remedial alternative for IR Site 70.
Comments made during public and regulatory agency review of this document will be evaluated
and considered to select the final remedy. As required by the National Oil and Hazardous
Substances ~ Pollution = Contingency Plan (NCP) and US. EPA  guidance
(U.S. EPA 1988), these comments will be addressed in the proposed plan and record of decision.

The RFS includes key figures and tables from the existing FS in Attachment A. These figures
are provided to assist in the review of this document. The RFS is intended as an addendum to
the existing ¥'S and incorporates much of the FS by reference. Throughout the RFS, only
sections that have been revised or established the review criteria have been included. All of the
section headings have been kept for continuity with the existing FS. The modified RFS sections
are indicated by an R in the Table of Contents. Sections, tables, {igures, and appendices that
have been highlighted in the Table of Contents were not altered from the existing ES (BNI,
2002). To provide continuity with the existing FS, the RFS uses the respective figure numbers
from the original document unless they have been modified, in which case the figure number is
preceded by an R. Throughout this document, original FS tables, figures, and appendices will be
referred to as “FS” and the original identifier, either figure number, table number, or section
number. These figures and tables are provided in Attachment A.

The original FS prepared by the Navy’s contractor (BNI, 2002) involved screening technologies
and associated process options according to effectiveness, implementability, and cost. The
retained options were assembled into remedial alternatives. The alternatives were detailed and
evaluated against regulatory criteria. Then, the alternatives were compared according to how
well they meet regulatory criteria. This RFS includes an evaluation of a new alternative,
enhanced bioremediation, against the previous alternatives by using the regulatory critezia.

BACKGROUND

NAVWPNTSA Seal Beach is located in the city of Seal Beach, California Neatby
municipalities include Los Alamitos to the north, Westminster and Huntington Beach to
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Executive Summary

the east, and Long Beach to the west. The Pacific Ocean borders NAVWPNTSA Seal
Beach to the south (Figure ES-1).

IR Site 70 consists of multistory office and production buildings, asphalt-paved parking
areas, an assortment of abovegiound tanks and appurtenant above- and below-ground
piping distribution systems and several concrete-lined sumps. During previous
investigations, a VOC plume was detected and found to extend approximately 2,400 feet
downgradient of the presumed souice area. An area proximate to the presumed source
area is suspected to contain dense nonaqueous-phase liquid (DNAPL) in dispersed droplet
and/or ganglia form (Figure R-ES-3) Dissolved contamination extends to a depth of
approximately 195 feet bgs. At 195 feet, a clay layer has been mapped and is presumed
to act as a barrier for further downward migration of contamination

Although chemicals were reported in the groundwater beneath the site, no complete
exposure pathways exist between the groundwater and potential ecological receptors.
Similarly, the impacted groundwater undertying IR Site 70 does not presently serve as a
source of water for beneficial uses designated in the Basin Plan (RWQCB 1995).
Accordingly, the impacted groundwater does not pose an immediate threat to human
health or the environment.

During the extended removal site evaluation (ERSE) (BNI 1999a), a screening human-
health risk assessment was performed to estimate the cancer and noncancer risks
associated with consumption of the VOC-impacted groundwater at each site. The
cumulative human-health risks were estimated to exceed the NCP-defined generally
acceptable 1ange. The ERSE therefore recommended that the groundwater be further
addressed under the RI/FS to systematically evaluate and select a remedy that would
mitigate the risks to human health.

GENERAL RESPONSE/REMEDIAL ACTION OBJECTIVES

General response objectives for the groundwater plumes originating at IR Site 70 are as
follows.

¢ Consistent with U.S. EPA, State Water Resources Control Board, and Regional
Water Quality Control Board Santa Ana Region policies and regulations,
protect existing beneficial uses of the shallow aquifer underlying
NAVWPNTSA Seal Beach to the extent practicable while reducing the
potential for VOC migration beyond the current NAVWPNTSA Seal Beach
boundaries at concentrations exceeding site cleanup goals

s  Protect human health by preventing extraction of VOC-impacted shallow
groundwater for domestic use until site cleanup goals are achieved.
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Executive Summary

General response objectives were used to identify remedial action objectives (RAOs).
RAOs are site-specific, qualitative goals that define the purpose of site cleanup. RAOs
specify media, constituents of concermn (COCs), exposure routes and receptors, and
acceptable contaminant levels for protection of potential receptors, based on an analysis
of federal and state applicable or relevant and appropriate requirements (ARARSs) (i.e,,
remediation goals).

As a result of developing the RAOs, trichloroethene (TCE), tetrachloroethene (PCE), and
their breakdown products were identified as the COCs for IR Site 70 groundwater.
Because there are no complete exposure pathways to ecological receptors, the RAOs
focus on mitigating potential human exposures to the groundwater. The preliminary
RAO:s for this FS are defined as the lower of either the U.S. EPA or California maximum
contaminant levels (MCLs) for drinking water.

While MCLs have generally been established as preliminary remediation goals for the
purposes of this RFS, it should not be construed that the DON accepts these as final
remediation goals for IR Site 70. The DON believes establishing final remediation goals
is an iterative process, taking into account site-specific factors, such as salt water
intrusion, aquifer classification and designated use, and the site- and chemical-specific
nature of the groundwater requiring remedial action.

CERCLA EVALUATION CRITERIA

The following nine criteria are stipulated in the NCP at 40 CFR 300.430(e)(9)(iti) for the
evaluation of remedial alternatives under CERCLA:

ovezall protection of human health and the environment;

compliance with applicable relevant, and appropriate requirements (ARARs);
long-term effectiveness and permanence;

reduction of toxicity, mobility, or volume through treatment;

short-term effectiveness;

implementability;

cost effectiveness;

regulatory acceptance; and

community acceptance,

The NCP divides these criteria into three groups: threshold criteria; primary balancing
criteria; and modifying criteria. Threshold criteria include overall protection of human
health and the environment and compliance with ARARs. Each alternative must meet
these criteria to be eligible for selection. The primary balancing criteria include long-
term effectiveness and permanence; reduction of toxicity, mobility, or volume through
treatment; short-term effectiveness; implementability; and cost. The modifying criteria
include state and community acceptance.

page ES-4 Final GW RFS Report IR Site 70, NAVWPNSTA Seal Beach, SB
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Executive Summary

RESULTS FOR IR SITE 70

Rl Results

Groundwater contamination at IR Site 70 is characterized by higher levels of dissolved
VOCs affecting a relatively large area compared to other IR Program sites. The total
mass of dissolved contamination at IR Site 70 is estimated to be on the order of 3,200
pounds (BNI, 1999a), and an unknown quantity of DNAPLs is suspected to be present in
the vicinity of the presumed contaminant source area. Unless contained or otherwise
treated, the suspected DNAPLs could continue to provide a source for dissolved-phase
contamination. Groundwater modeling has shown that the plume is moving laterally at
depth. Currently, no human or ecological receptors are exposed to VOC-affected
groundwater; at this time, there are no complete exposure pathways for contaminants.
Shallow groundwater underlying IR Site 70 does not presently serve as a water source for
the beneficial uses designated in the Basin Plan (RWQCB 1995).

The groundwater plume at IR Site 70 was analyzed as two separate areas: a suspected
DNAPL (source) area and the dissolved-phase plume. Separate remediation alternatives
tor the DNAPL area and the remaining dissolved plume were developed and then
combined to form a sitewide alternative.

Remedy Description

The DON has documented the occurrence of natural attenuation processes at IR Site 70
(BNI, 2002) (as evidenced by trichloroethene daughter products such as cis-1,2-
dichloroethene and vinyl chloride). Evidence of natural anaerobic biodegradation has
been documented within portions of the plume and, hence, monitored natural attenuation
(MNA) was retained for IR Site 70 as a support technology. Although natural attenuation
processes were documented, the volume and high levels of contamination and rate of
migration of the plume at IR Site 70 necessitate that other measures be considered. MNA
was therefore retained as an end-stage technology to reduce contaminant levels in the
plume in conjunction with, and following, the application of other technologies. Three
other candidate technologies besides MNA were retained for evaluation at IR Site 70.

The original IS evaluated over 17 remedial approaches for Site 70. These included
monitored natural attenuation, containment, in sifu treatment, extraction, ex-situ
treatment, disposal, and vapor-phase treatment. In situ treatment alternatives included
anaerobic biodegradation, air sparging, electrical resistive heating, steam stripping, in situ
flushing, permeable reaction walls, and chemical oxidation.

Groundwater extraction to hydraulically contain the plume and remove mass, followed by
aboveground treatment of groundwater and discharge to surface water was included in the
evaluation. Use of vertical wells to extract groundwater and prevent further movement of
contaminant plumes is designated as “hydraulic containment,” whereas more aggressive
approaches employing more wells to remove contaminant mass is termed “pump and
treat.” These groundwater extraction approaches are considered proven technologies,

Final GW RFS Report IR Site 70, NAVWPNSTA Seal Beach, SB page ES-5
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Executive Summary

although many studies have shown it may be difficult to achieve site cleanup goals
quickly. One of the limitations of groundwater extraction is that contaminants in
groundwater tend to sorb (attach) to adjacent soil particles and, hence, are not extracted
quickly. For the dissolved plume, groundwater extraction was evaluated to hydraulically
contain the plume (hydraulic containment) and to aggressively remove VOC mass (pump
and treat). An aggressive pump-and-treat option was developed and retained for the
DNAPL area for hydraulic containment and contaminant mass removal. Advantages and
potential limitations associated with these technologies are applicable to IR Site 70.
Additionally, because of the suspected presence of DNAPL in the vicinity of the
presumed contaminant source area, it was assumed for FS evaluation purposes that an
excessively long timeframe could be required for complete remediation using pump and
treat.

Bioremediation through anaerobic reductive dechlorination was evaluated to treat both
the COCs in the dissolved phase and source areas. The number of wells required to
deliver amendments to stimulate the biodegradation of the entire dissolved phase plume
is impractical; therefore, bioremediation would invelve the segmentation of the dissolved
phase plume by creation of bioactive zones that are tangential to the axis of the
groundwater flow direction (i.e., biobarriers). The VOCs would be treated as they migrate
through these biobarriers that transect the plume. The biobarriers would be created by the
addition of a slow 1elease electron donor, which would be immobile relative to
groundwater flow, and the injection of requisite halorespiring microorganisms contained
in a stable commeicially-available culture called KB-1™. The injection of a microbial
culture, referred to as bioaugmentation, is required when the key halorespiring strains of
the bacterium, Dehalococcoides ethenogenes are not present at sites, resuiting in partial
dechlorination to cis-1,2-dichloroethene {(cis-DCE) or vinyl chloride (VC).
Bioaugmentation also significantly shortens the time to achieve complete dechlorination
of the VOCs to ethene and to meet remedial action objectives (RAQ), even if the right
stiain of Dehalococcoides ethenogenes is present, by increasing the population density of
this important microorganism. Bioangmentation has been proven to be a viable approach.
The selected electron donor would be emulsified vegetable oil (EVO) that would be
metabolized to produce the hydrogen needed by the halorespiring bacteria that breathe
chlorinated VOCs.

Impacts to the groundwater flow due to the injection of EVO and KB-1™ are expected to
be minimal. Injection of the KB-1™ culture will not impact the permeability of the
aquifer, as only ten liters will be amended at each injection point, which is then
distributed throughout a pore volume of 3,000 ft> to 6,400 ft? (i.e., representing less than
0.01% of the pore volume). Typical full-strength bacterial populations have a population
count of 10'? microbes per liter of groundwater; with each microbe on the order of 0.5
microns in diameter, this represents only 0.04% of the pore volume The injected
emulsified oil is also unlikely to impact soil permeability significantly for 0.5% and 1%
oil saturations, with typical reductions in permeability thought to be on the order of at
most 5 to 15%, depending on the soil type and pore size Geotechnical samples from the
RI/FS indicate the very well sorted sands in the upper and lower treatment zones.
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Porosities for these materials are expected to exceed 30 percent based on literature values.
Permeability reductions for this soil type will be at the lower end of the estimated range.
The permeability reduction will decrease over time as the oil dissolves.

A similar approach will be applied to the source area where laboratory research and field
application have shown that enhancing reductive dechlorination in the source aica
through addition of electron donoi/bioaugmentation results in enhanced dissolution and
removal of DNAPL phases. Enhanced bioremediation offers complete destruction of both
sorbed and unsorbed components of the VOC plume.

In situ chemical oxidation (ISCO) was evaluated for IR Site 70 specifically for treatment
of the suspected DNAPIL. and high dissolved-phase contamination in the vicinity of the
presumed contaminant source area. For IR Site 70, the Geo-Cleanse process, which is
proprietary to Geo-Cleanse International, Inc., was evaluated for its ability to inject
hydrogen peroxide and trace quantities of metallic salts into the impacted media under
pressure. This in situ oxidation system offers a potential advantage of permanently
destroying a significant quantity of the DNAPL and high dissolved-phase contamination
at the IR Site 70 DNAPL area. This process would augment the dispersion and diffusion
of the reagent through the soil and/or the affected aquifer. The patented injectors are
specially designed to withstand the elevated temperatures and pressures resulting from the
Fenton reaction, while achieving effective dispersion of the reagents through the
subsurface. However, chemical introduction to the aquifer formation requires
administrative acceptance and substantive compliance with existing Waste Discharge
Requirements (WDRs). This form of in situ chemical oxidation poses certain limitations,
as described below.

Because more concentrated reagents would be introduced under pressure, the following
additional potential concerns must be addressed: potential for a high rate of uncontrolled
vapor release; possibility for soil eruptions and sinkholes; safety hazard presented by
violence of reaction; safety concerns regarding handling of reagents; interferences from or
reactions with formational materials are possible (increase in total dissolved solids
[TDS]); vigorous reactions may occur in the subsuiface, and the need for acidification of
the aquifer. In addition, some type of bicaugmentation may be necessary to re-cstablish
microorganisms within the ISCO area to re-achieve the MINA process. Bench-scale and
pilot-scale testing would be required to implement this technology at the IR Site 70
DNAPL area.

A total of eleven alternatives were developed for this IR Site 70 RFS and the original FS
and were initially screened based on effectiveness, cost, and implementability.
Alternatives that did not effectively contain and/or treat the dissolved plume were
rejected because modeling indicates that the contaminant mass would continue to migrate
toward potential water supply points unless action is taken Alternatives that did not
effectively contain and/or treat the suspected DNAPL arca were also rejected.  Six
alternatives were retained for detailed analysis, as listed below. The estimated total cost
for each alternative is provided in parentheses.
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e Alternative 1, no action. No further action of any type, evaluated in accordance
with the NCP ($0).

o Alternative 6, hydraulic containment (dissolved plume) and in situ chemical
oxidation (DNAPL area). Chemical oxidation of DNAPL area, along with
MNA and institutional controls, as necessary, to reduce exposure to
contaminated groundwater; hydraulic containment of the leading downgradient
edges of the dissolved plume, in association with MNA and institutional
controls ($24.2 million).

o Alternative 7, hydraulic containment (dissolved plume) and pump and treat
(DNAPL area). Pump and treat of the DNAPL area in association with MNA
and institutional controls; hydraulic containment of the leading downgradient
edges of the dissolved plume, in association with MNA and institutional
controls {$23.9 million}.

s Alternative 9, pump and treat (dissolved plume) and in situ treatment
(DNAPL area). Chemical oxidation of DNAPL area along with MNA and
institutional controls; aggressive pump and treat to provide both hydraulic
containment and mass removal of the dissolved plume, in association with
MNA and institutional controls ($21.6 million).

o  Alternative 10, pump and treat (dissolved plume) and pump and treat
(DNAPL area). Pump and treat of the DNAPL area, in association with MNA
and institutional controls; aggressive pump and treat of the dissolved plume, in
association with MNA and institutional controls ($26 8 million).

s Alternative 11, in situ bioremediation using biobarriers for the dissolved
phase pluine and bioremediation of the DNAPL area through a combination
of biostimulation and bicaugmentation. Biostimulation/bioaugmentation with
a stable halorespiring culture in the DNAPL area combined with the passive
application of bicaugmented biobarriers to treat the dissolved plume, with post-
treatment polishing using MNA and institutional controls ($18.8 million).

Table R-ES-2 summarizes the revised comparative analysis of the IR Site 70 alternatives
by balancing criteria. Alternative 11 (in situ biobarriers to treat the dissolved plume and
in situ bioremediation of the DNAPL area) 1ates highest overall among the five balancing
criteria. Alternative 11 combines an aggressive biostimulation/bicaugmentation in sifu
treatment option for the DNAPL. area with a passive in sifu biobairier treatment of the
dissolved-phase contamination. Recent advances have demonstrated that bioremediation
(especially with bioaugmentation using halorespiring cultuies) is an aggressive form of
treatment within the DNAPL source area. The bioaugmentation approach is compatible
with subsequent MNA and should result in lower residual risks in the DNAPL area,
following treatment, than other process options evaluated Groundwater modeling
indicates that 99% of the dissolved phase TCE mass would be removed by in situ
bioremediation treatment within the first six years, with the remaining mass removed by
natural attenuation within the dissolved phase plume over the following 9 years
(Appendix R-E). Modeling also indicates that containment of TCE mass discharge from
the source area will be effectively contained and treated. The amount of biodegraded
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DNAPIL mass was not simulated due to limitations of the model, and thus the DNAPL
mass could not be estimated. Groundwater modeling further indicates RAOs may be
achievable within the project life evaluated for this alternative (15 years). An added
advantage to the bioremediation approach is the permanent reduction in toxicity,
mobility, and volume while minimizing any short or long term risks to workers and
overlying structures from the bioremediation approach. The operational reliability of this
alternative is rated low, however, due to the innovative nature of this approach and the
need to conduct bench- and pilot-scale testing of the biobarrier and DNAPL
bioremediation. Alternative 11 is cost effective on the basis that the cost is proportional
to its etfectiveness, the limited impact to the aquifers, facilities, the environment, and
subsequent MNA will be enhanced through the bioremediation approach. This approach
had the lowest total cost, but a higher Net Present Value due to up front capital costs.

Alternative 9 (pump and treat [dissolved plume] and in situ treatment [DNAPL area])
rates second highest overall among the five balancing criteria. Alternative 9 combines an
aggressive chemical oxidation in sifu treatment option for the DNAPL area with an
aggressive pump-and-treat option for mass removal of dissolved-phase contamination
Chemical oxidation is a very aggressive form of treatment and should result in lower
residual risks in the DNAPL area, following treatment, than other process options
evaluated. Groundwater modeling indicates 1,100 pounds of TCE would be removed by
in situy treatment within the first year, along with an additional 1,900 pounds of TCE
removed by pumping in 10 years. Groundwater modeling further indicates RAOs may be
achievable within the project life evaluated for this alternative (50 years). Aggressive
pumping in the dissolved plume should make MNA a viable end-stage plume
management stiategy within 15 years. With regard to the chemical oxidation treatment,
potential benefits from reduced duration and permanent reduction in toxicity, mobility,
and volume are thought to exceed short-term 1isks to workers and ovetlying structures.
The operational reliability of this alternative is rated low, however, due to the need to
conduct bench- and pilot-scale testing of the chemical oxidation technology. Although
Alternative 9 is the second most expensive based on net present worth,, the alternative is
cost effective on the basis that the cost is proportional to its effectiveness.

Alternative 6 (hydraulic containment [dissolved plume] and in situ treatment [DNAPL
arca]) rates next highest overall among the balancing criteria. Alternative 6 is
differentiated from Alternative 9 by a less-aggressive pumping approach for the dissolved
plume. The flow rates for extracted contaminated groundwater resulting from hydraulic
containment are about half those for Alternative 9, resulting in a less-expensive
remediation approach for the dissolved plume; however, a longer timeframe for pumping
is necessary (about 30 years) to reduce contaminant levels sufficiently to revert to MNA.
Nevertheless, groundwater modeling indicates RAOs may be achievable within 50 years.
As for Alternative 9 above, potential benefits from chemical oxidation of the DNAPL
exceed short-term risks, and operational reliability of this alternative is rated low.
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Table R-ES-2
Comparative Analysis of Alternatives by Balancing Criteria, IR Site 70

Alterpative*

Long-Term Effectiveness and Permanence

Reduction of Toxicity, Mobility, or Volume
Through Treatment

Short-Term Effectiveness

Implementability

Cost-Effectiveness

Summary of Criteria

Fmpact of a remedial alternative in the long term,
defined as the time after RAOs are met. Consider
magnitude of residual risk at the completion of
remedial activities; type, degree and adequacy of
long-term management from contaminarnts

CERCI A preference for technologies that
permanently and significantly reduce the
toxicity, mobility, or volume of hazardous
substances. Consider treatment processes
used; amount of hazardous material to be

How an alternative affects human health
and the environment from planning until
RAOs are achieved. Consider short-term
risks to community; potential impacts on
workers during construction and Q&M

Technical and administrative feasibility.
Consider technical feasibility, including
constructability; operational reliability; ability
to take alternative remedial actions in the
future; ability to monitor effectiveness

Per the NCP, a remedy is cost-effective

if its costs are propottional to its
effectiveness. Consider capital cost,

including both direct and indirect cost,

O&M costs, and net present value of

Containment of the dissolved phase is a very slow
process with mixed results.

impacts due to pumping of the aquifer (i e.
TDS, salt water intrusion).

reactions exists

remaining on-site; long-term reliability of treated; degree of expected reduction in potential environmental impacts of the Consider ability to obtain governmental capital and O&M costs.

engineering/mstitutional controls; potential need to | toxicity, mobility, or volume; degree to which | action; and amount of time required before | approvals. Consider availability of services

replace components and continuing need for treatment is irreversible; and type and RAQs are achieved (i e, the duration of the | and materials, including time needed to

repait/maintenance. quantity of treatment residuals short term). develop new or innovative technologies under

consideration.,

Alternative 1 — No Low Low Low High Mediuoin
Action Under this alternative, there would be no method No active treatment is performed and no Natinal attenuation processes would not be | Easy to implement. Low cost, but not effective.

of assessing long-term effectiveness and means are available to monitor natural effective in the shott term.

permanence. attenuation processes.
Alternative 6 — Moderately High Medium Medium Low Moderately Low
Hydraulic Confaiment | y, gip) chemical oxidation (ISCO) is a very Modeling indicates 1,100 Ib dissolved/sorbed | Groundwater modeling indicates RAQs Design of chemical oxidation will require Capital costs are high; however,
(‘?15501de plume) and In | 2q0055ive form of treatment and should result in TCE removed within the first year by in situ | may be achievable within 50 years. bench- and pilot-scale testing. Buffering permanent destruction of VOCs in
Situ Treatment (DNAPL | ) ue; residual risks in the DNAPL area. chemical oxidation treatment and 1,800 1b capacity and TDS of aquifer may interfere with | DNAPL area would provide low cost in
area) removed by pumping in 30 years. Potential process. Potential for vigorous chemical proportion to effectiveness.

Alternative 7 -
Hydraulic Containment
(dissolved plume) and
Pump and Treat
(DNAPL area)

Low

Pump and treat has not been shown as a viable
treatment alternative for DNAPL  Hydraulic
containment of the dissolved phase plume requires
an extensive time petiod.

Low

Modeling indicates 2,300 Ib dissolved/sorbed
TCE removed by pumping in 30 years Pump
and treat ineffective on DNAPL. Expect
significant impacts to aquifer from pumping.

Low

Groundwater modeling results indicate
RAGs are not achieved within 50 years

Medium

Demonstrated technology; however, must be
carefully designed to minimize distuption io
active base operations Irenching around
utilities may be necessary.

Medium

Low capital costs, but cost in
propottion to effectiveness may be
questionable.

Alternative 9 — Pump
and Treat (dissolved
plume) and fr Situ
Treatment (DNAPL
area)

Moderately High

Chemical oxidation is a very aggressive form of
treatment and should result in lower residual risks
inthe DNAPL area. The long term pump and treat
of the dissolved phase plume is slow and
significantly impacts the aquifer (TDS).

Mederately High

Modeling indicates 1,100 Ib dissclved/sorbed
TCE removed within the first year by ISCO
treatment and 1,900 1b removed by pumping
in 10 years Expect significant impacts to
aquifer from pumping

Medium

Groundwater modeling indicates RAQs
may be achievable within 50 years.
Aggressive pumping of the dissolved plume
makes MNA in this portion of the plume
viable within {5 years. High risks to site
workers and facility with I[SCO
components.

Low

Design of chemical oxidation will require
bench- and pilot-scale testing. Buffering
capacity and IDS of aquifer may interfere with
process. Potential for vigorous chemical
reactions exists. Large volume of pumped
groundwater to handie and pipe.

Moderately High

Capital costs are high; however,
permanent destruction of VOCs in

DNAPL area would provide low cost in

propottion to effectiveness.

Alternative 10 - Pump
and Treat (dissolved
plume} and Pump and
Treat (DNAPL area)

Medium

This alternative relies on pump and treat and MNA
to complete the remediation of residual
contamination in the DNAPL area, which may be
in the form of contaminants sorbed to the aquifer
substiate.

Medium

Modeling indicates 2,400 Ib dissolved/sorbed
TCE removed by pumping in 10 years.
Expect significant impact to aguifer from salt
water intrusion which will impact treatment
costs due to fouling.

Low

Groundwater modeling results indicate
RAOs are not achieved within 50 years in
all areas

Medium

Demonstrated technology; however, must be
carefully designed to minimize disruption to
active maintenance operation Trenching
around utilities may be necessary.

Low

Low capital costs, but cost in
proportion to effectiveness may be
questionable
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ieutive Summary

Table R-ES-2 (continued)
Comparative Analysis of Alternatives by Balancing Criteria, IR Site 70

Alternative* Long-Term Effectiveness and Permanence Reduction of Toxicity, Mobility, or Volume Short-Term Effectiveness Implementability Cost-Effectiveness
Through Treatment

Alternative 11 - High ' High High Medium High
Biobarriers (dissolved Enhanced bioremediation is a very aggressive form | Testing under the EPA SITE program has Groundwater modeling indicates RAOs Innovative technical application will require Lowest total costs, but high capital
pl‘um‘?) andl of reatment that has been shown effective in demonstrated DNAPL. destruction of up to may be achievable within 15 vears. some treatability studies Require a large costs for injection points. Highest net
Bpstunulatlm_l - treating both DNAPL and dissolved phase plumes, | 98% of the mass within one year using Enhanced bioremediation is immediately number of injection well points. Possible present value costs reflect
Bioaugmentation while allowing subsequent MNA. bicaugmentation with KB-1™. Dissolved compatible with MNA. Site workers biofouling and groundwater flow issues may implementation costs. Permanent
(DNAPL area) phase COC destruction has been shown too exposed to minimal hazards. impact the implementation and operation destruction of COC's in both DNAPL

and dissolved phase plume a plus.
Costs for converting to MNA after
pump and treat has not been included
in the current costs for pump and treat.

Comments All the alternatives {except No 1 and 11} rely on An estimated 3,300 1b of dissolved/sorbed The enhanced bioremediation approach is a | Enhanced bioremediation does not require Alternatives involving pump and treat
pumping to remove contamination in the dissolved | TCE is present, and unknown quantities of low energy but highly effective method to significant impacts to the site or large above of the DNAPL. area may need to be
plume which may impact the aquifer (sait water DNAPL may also be present. Chemical dechlorinate the site that does not pose ground treatment systems (piping, operated beyond the assumed 50-year
intrusion). All remedial actions rely on MNA to oxidation of the DNAPL area rates are higher | short term risks to the community, workers, | containment, etc ) The alternatives which project life, increasing Q&M costs.
some extent to achieve RAQOs, yet ISCO may not than pump and treat for the DNAPL area, and § the environment, and the site facilities. involve pumping for contaminant mass Alternatives implementing significant
be compatible with MNA. At the completion of aggressive pump and treat rates are higher None of the alternatives poses short-term removal and/or hydraulic containment are pumping for containment or treatment
MNA, there should be little need for ongoing than hydraulic containment for the dissolved 1isks to the community or differs in terms of | demonstrated technology (but extremely long | may also require significant cost
institutional controls When RAQs are achieved, it | plume under this criterion. Enhanced environmental impacts. Chemical oxidation | duration) Ymplementability for alternatives growth for a pretreatment phase if salt
is anticipated that no further bioremediation has been shown to destroy poses some shoit term worker risk but with chemical oxidation and bioremediation water intrusion impacts the carbon
monitoring/maintenance would be needed. both sorbed and dissolved phase COC’s would reduce risks to O&M workers by are rated lower because of the need to conduct | treatment efficiency.

reducing duration Pump and treat poses bench- and pilot-scale testing. Chemical
significant risk to the aquifer due to salt oxidation also has the potential for chemical
water intrusion. interferences and a complicated {and reactive)

reagent delivery system.

Note:
*  MNA and institutional conitrols are included in all alternatives except Altemative 1 (nc action)

Acronyms/Abbreviations:
CERCLA — Comprehensive Environmental Response, Compensation, and Liability Act
DNAPL — dense nonagueous-phase liguid
iR — Installation Restoration (Program)
b — pound
MNA — monitored natural attenuation
NCP — National Qil and Hazardous Substances Pollution Gontingency Plan
0&M — operation and maintenance
RAQ ~ remedial action objective
TCE — trichloroethene
TDS — total dissolved solids
VOC - volatile organic compound
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Alternative 10 (pump and treat [dissolved plume] and pump and treat [DNAPL area])
1ates the next highest overall, folowed by Alternative 7 (hydraulic containment
[dissolved plume] and pump and treat [DNAPL area]), among the balancing criteria.
Alternatives 7 and 10 are similar to Alternatives 6 and 9, respectively, in terms of the
dissolved plume remediation approach. They are differentiated from the above
alternatives by a pump-and-treat approach for the DNAPL arca. Groundwater modeling
indicates these alternatives would not achieve RAOs within 50 years. Because of the
presumed presence of DNAPLs, these alternatives also rate lower in terms of long-term
and short-term effectiveness than Alternatives 6 and 9. Alternatives 7 and 10 use a
demonstrated technology to contain contamination and accomplish mass removal of
dissolved phase contamination and rate medium in implementability. Alternatives 7 and
10 are less expensive than Alternatives 6 and 9, but when costs are weighed against their
relative effectiveness, they score only medium in this factor.

Alternative 1 is not a viable altemative for IR Site 70 because it does not afford overall
protection of human health and the environment. Contaminant migration would not be
monitored or contained, and no restrictions on the use of contaminated groundwater
would be in place.
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ACRONYMS/ABBREVIATIONS

ACL
AR
ARAR

BACT

CAA
Cal-EPA
CAMU
CCR
CERCLA

CFR
CWA

DCA
DCE
DON
DNAPL
DTSC

ERSE

FAWQC
FEMA
FFSRA
FS

g
GAC

General Permit
gpd

Alamitos Barrier Project
administrative record
applicable or relevant and appropriate requirement

best-available control technology

Clean-Air Act

California Environmental Protection Agency

corrective action management unit

California Code of Regulations

Comprehensive Environmental Response, Compensation, and Liability
Act

Code of Federal Regulations

Clean Water Act

dichloroethane

dichloroethene

Department of the Navy

dense nonaqueous-phase liguid

{Cal-EPA) Department of toxic Substances Control

Extended Removal Site Evaluation

federal ambient water quality critetia

Federal Emergency Management Agency
Federal Facility Site Remediation Agreement
feasibility study

gram
granular activated carbon

General Groundwater Cleanup Permit
gallons per day

HSC (California) Health and Safety Code

HWCA Hazardous Waste Confrol Act

IR Installation Restoration

JEG jacobs Engineering Group, Inc.

LPC liguid-phase carbon
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Acronyms/Abbreviations
MCL maximum contaminant level
MCLG maximum contaminant level goal
ug/L micrograms per liter
mg/L milligrams per liter
MNA monitored natural attenuation
MW monitoring well
NAAQS National (primary and Secondary) ambient Air Quality Standards
NCP National Oil and Hazardous Substances Pollution Contingency Plan
NPDES National Pollutant Discharge Elimination System
NTR National Toxics Rule
NWR National Wildlife Refuge
PA Preliminary Assessment
ppm parts per million
ppmw parts per million by weight
RCRA Resource Conservation and Recovery Act
RD/RA Remedial Design and Remedial Action
ROD Record of Decision
RWQCB (California) Regional Water Quality Control Board
SAL state action level
SCAQMD South Coast Air Quality Management District
SDWA Safe Drinking Water Act
STP State Implementation Plan
SMCL secondary maximum contaminant level
STLC soluble threshold limit concentration
SVE soil vapor extraction
SWDIV Southwest Division Naval Facilities Engineering Command
SWRCB (California) State Water Resources Control Board
T-BACT best-available control technology for toxics
TBC to be considered
TCE trichloroethene
TCLP toxicity characteristic leaching procedure
TDS total dissolved solids
TSD treatment, storage, and disposal
USC United States Code
U.S. EPA United States Environmental Protection Agency
UST underground storage tank
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Acronyms/Abbreviations

VGAC vapor-phase granular activated carbon

vocC volatile organic compound

WPNSTA Naval Weapons Station

WQCP Water Quality Control Plan

wWQO water quality objective
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Section R-1
INTRODUCTION

This report discusses the revised feasibility study (RFS) conducted for Installation Restoration
Program (IR) Site 70 at the Naval Weapons Station Seal Beach (NAVWPNSTA Seal Beach),
Seal Beach, California (Figures 1-1 and 1-2, Attachment A). GeoSyntec Consultants, Inc. (GCI)
prepared this RES repoit on behalf of the Department of the Navy (DON), Southwest Division
Naval Facilities Engineering Command (SWDIV), under a contiact with NAVFACCO, Naval
Facilities Engineering Service Center, Port Hueneme, California, Contract No. N47408-04-C-
7526

The original FS proposed Alternative 9, which consists of in situ chemical oxidation of the
source area and pump-and-treat of the dissolved phase plume. Alterative 9 used monitored
natural attenuation (MNA) as the final polishing phase for cleanup. Institutional controls were an
additional component of this approach.

This RES develops and evaluates remedial action alternatives to mitigate human-health risks
from volatile organic compounds (VOCs) in groundwater. The DON requested this RES in
response to a Department of Navy directive for optimizing remedial actions. The Navy
optimization policy (DON, 2004) requires that all plans to install pump and treat systems on
Navy and Marine Corps installations be approved through Naval Facilities Engineering
Command headquarters. Based on advancements in bioremediation of dense non-aqueous phase
liquids (DNAPL) and dissclved phase volatile organic compounds, the Navy requested that GCI
evaluate the use of in situ bioremediation alternatives for remediating the site. Although there is
no immediate threat to human health or the environment from groundwater at Site 70, the
existing I'S recommended addressing groundwater at this site because cumulative human-health
risk exceeded the generally acceptable range.

The existing ES for IR Site 70 was developed as part of the IR Progtam. The program identifies,
assesses, characterizes, and cleans up or controls pollution from past hazardous waste disposal
operations and spills. The program was established to comply with federal requirements
regarding cleanup of hazardous waste sites. These federal requirements are outlined in the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as
amended by the Superfund Amendments and Reauthorization Act (SARA).

The DON, under the Defense Environmental Restoration Program (DERP), follows the United
States Environmental Protection Agency (U.S. EPA) remedial investigation (RI) and FS
protocols. An RI/FS involves characterizing the nature and extent of risk posed by hazardous
waste sites and evaluating options for cleanup The National Oil and Hazardous Substances
Pollution Contingency Plan (NCP) (Title 40 Code of Federal Regulations [CFR] 300) provides
the RI/ES protocols. The existing FS proposed a remediation approach for Site 70 that would be
finalized within the Proposed Plan/Remedial Action Plan (PP/RAP) and Record of Deciston
(ROD). The DON has decided to re-evaluate the bioremediation technology based on recent
developments and pilot study results.  This RFS provides the resuits of that evaluation and
proposes a new alternative to finalize under the PP/RAP and ROD.

This RFS is submitted as addenda to the existing FS (BNI, 2002). The RES follows the same
table of contents as the existing FS. Only those sections of the FS that require changes will be
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Section R-1  Introduction

modified. Within this RFS document, revised sections, tables, figures, and appendices will be
preceded by an “R ™ References to the original FS will use the section numbers, tables, figure
numbers, and appendix letters from the original document (BNI, 2002). The Table of Contents
highlights the sections, figures, tables, and appendices that were not altered for this RES

R-1.1 PURPOSE AND METHODOLOGY

The DON will use this RFS, in conjunction with othes site-specific information, to select
an appropriate remedy for groundwater at IR Site 70. The remedial alternatives
considered in this RFS include:

*

removal of groundwater contamination sources,
treatment of contaminated groundwater,
containment of affected groundwater,
institutionat controls, and

bioremediation within the source area and dissolved phase plume.

A no action alternative is also evaluated, as required by the NCP.

An FS includes the following steps (U.S. EPA 1988).

Establish remedial action objectives (RAQOs).
- Identify applicable or relevant and appropriate requirements (ARARs).

— Establish 1esponse objectives for all environmental media of concern (e g.,
soil, groundwater, surface water, and air), considering contaminant
exposure pathways, receptors, and appropiiate cleanup levels.

Identify general response actions, including no action, to meet RAOs for each
medium of concern.

Identify volumes or areas of environmental media for which remedial response
actions may be needed.

Identify remedial technologies and representative process options under each
general response action, based on technical considerations.

Screen 1emedial technologies and process options based on effectiveness,
implementability, and cost.

Assemble the retained technologies and process options into remedial
alternatives representing a range of treatment and containment combinations.

Screen assembled alternatives considering effectiveness, implementability, and
cost.

Evaluate retained remedial alternatives in detail against nine criteria specified in
the NCP:

— overall protection of human health and the environment

page B-1-2
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Section R-1 Introduction

— compliance with ARARs
— long-term effectiveness and permanence
- reduction of toxicity, mobility, or volume through treatment
— short-term effectiveness
— implementability
— cost
— state acceptance
— community acceptance
¢ Perform a comparative evaluation of remedial alternatives.

This RFES identifies a possible remedial approach that will be proposed as the remedial
action within the Record of Decision (ROD). The ROD provides the administrative
record for public, agency, and Navy concurrence on the remedial approach for
groundwater at this site. Comments made during public and regulatory agency review of
this document will be evaluated and considered during the remedy selection process. As
required by the NCP and U.S. EPA guidance (U.S. EPA 1988), these comments will also
be addressed in a proposed plan as well as in the record of decision (ROD). The ROD
will document the selected remedial alternative.

1.2 FACILITY, OPERABLE UNIT, AND IR SITE DESCRIPTIONS
1.2.1 NAVWPNSTA Seal Beach, Seal Beach
1.2.2 Operable Unit Designations

R-1.2.3 Installation Restoration Program Sites

IR Site 70 (Figures R-1-3 and R-1-5), also known as the Research, Testing, and
Evaluation (RT&E) area, consists of multistory office and production buildings, asphalt-
paved parking areas, an assortment of aboveground tanks and attendant above- and
below-ground piping distribution systems, several concrete-lined sumps, and
underground storage tanks (USTs). From 1962 to 1973, NASA utilized the area for the
design and manufacture of the Saturn II launch vehicle for the Apollo Program.
Subsequent to NASA leaving the area, the United States Department of Energy and
Garrett Engineering (Allied Signal) conducted pilot test assembly operations for a
classified uranium enrichment process in portions of Building 112 (S-03). These tests
were conducted from 1980 to 1985 but did not include either the manufacture or
enrichment of uranium. Currently, the building is used for storage, communications
research, and office space.
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Cinwb\iinal RFS\2005-RFS-Sec-01-25-08-05 doc




uo_u.mo\mo.mm-h.c.umw...wn_m\moowfmux |BUIAGMIAD

8S ‘yoeeg (oS V1 SNAMAYN 0. SUS Y| Hodey S44 MO teulq v-1-¥ obed

(9961)

V(0N Aay

2980AH ‘ON qor suensun) ﬂ'fm..
€65t /21 ‘ON 3t 20UAS0DD

Fo/gg/LL  aeq
BILUCJED ‘UoESY (23S ‘UONEIS SUOdBIA [BAEN

dew Apuisip ausg

£-1-Y aInbi4

0L a)ig dil 1o}
Apnig AlljIGISES 4 18]EMPUNOCIS) PASIARY ¥

5 K iy vt 1

UoNONPOJIU]  |-¥ UONDSS

S0/52/80 ®1eqg
926L-0-+0-80V2PYN
SIURHNSUOD) DSIUAGO8E)/S 4



G-1-3 obed

0P S0~80-G2-1 0-995-S4-G002\S Iy BUAMHLD

g 'Uoesd (e9S VISNAMAVYN '0Z SKS MI Hoday Sy MO [euld

W ON ASY
8880AH :oN gor SIUZYNISUO) ~am
€65PHLZE “ON 2|14 d3tUAS0aD M

POIEZ/LL  8ieq

elulo)|es ‘yoesyq [eesS ‘UmMElS Suadeap [BABN

dey oseg 07 aus dul
G-1-y aInbig

0L 1S dut 10}

Apnig Apniqiseaq Jelempunclsy pesiaay

S0/s2/80 @1eg

926L-0r 080V LEYN

sjue)nsuos) oF

089/

UORONPOAU|  |-Y UONDSS



RFS/GeoSyntec Consultants

NA47408-02-C-7526
Date: 08/25/05

Section R-1  Introduction

The Removal Site Evaluation (RSE) Report (BNI 1996a) for the IR Site 70 area
addressed potential waste sources from:

Bulkhead Fabrication Building 128 (S-02),

Vertical Assembly and Hydrotest Building 112 (8-03),
Pneumatic Test, Paint, and Packaging Building 122 (S-04),
Tool and Maintenance Building 130 {5-05),

Structural Test Tower (5-06), and

Water Conditioning Plant (S-07).

Operations at these facilities included the use of dilute acids, VOCs including chlotrinated
solvents such as trichloroethene (TCE), phenolic compounds, petroleum oils, sodium
dichromate containing hexavalent chromium, detergents, metals containing paint wastes,
and machine lubricating oil. Discharged wastewater contained high total dissolved solids
(TDS), sodium, chloride, and high or low pH.

R-1.3 PREVIOUS INVESTIGATIONS

This FS used information from a number of previous investigations conducted at
NAVWPNSTA Seal Beach. The following subsections summarize these investigations,
which include:

general facility investigations:

— initial assessment study (JAS) (NEESA 1985)
— RCRA facility assessment (RFA) (A.T. Kearney 1990)
— preliminary assessment (PA) (NEESA 1990)

investigations at IR Site 70:

— PA, IR Site 70 (JEG 19%4)

— Removal Site Evaluation (RSE), IR Site 70 (BNI 1996a)

— soil and groundwater sampling for Relative Risk Site Evaluation Model
(RRSEM), IR Site 70 (BNI 1996b)

Extended Removal Site Evaluation (ERSE) of IR Sites 40 and 70 (BNI 1999a)

related groundwater testing at IR Site 70: aquifer testing, inciuding
groundwater pumping test and shallow groundwater pilot test (BNI 1999b,c)

Final Pilot-Test Report for in site Chemical Oxidation at IR Site 70 (BNI,
2004a)

Final Groundwater Feasibility Study Report for Installation Restoration Sites 40
and 70 (BNI, 2002)

1.3.1 General Facility Investigations

1.3.2 investigations at IR Site 40

page R-1-6
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R-1.3.3 Investigations at IR Site 70

In 1993, JEG conducted a PA of IR Site 70 (JEG 1994). Ten Areas of Concern (AOCs)
were identified for further evaluation to assess the presence or absence of chemicals of
potential concern (COPCs). These ten AOCs were identified based on historical
activities, use of chemicals, and the likelihood of a potential threat to human health and
the environment. The PA identified major COPCs as hexavalent chromium, TCE,
phenolic compounds, trichlorotrifluoroethane (Freon TF), and heavy metals.

BNI conducted an RSE for the RT&E area (BNI 19962) to address potential waste
sources from IR Site 70. The RSE report recommended that process piping systems and
facilities be decommissioned and that soil and groundwater in the area be investigated
further (BNI 1996a). The report also recommended soil investigations for the presence of
hexavalent chromium, vinyl chloride, and heavy metals. Groundwater investigations
were recommended to delineate the TCE plume and to determine a potential vadose zone
source, as well as the nature and extent of hexavalent chromium, phenolic compounds,
and heavy metals.

In 1996, soil and groundwater samples were collected at IR Site 70 to obtain analytical
data necessary to populate an RRSEM (BNI 1996b). (Using data collected at
NAVWPNSTA Seal Beach and 14 other bases, the RRSEM was used to assist in
priotitizing funding for sites in the IR Program.) The samples indicated the presence of
VOCs, semivolatile organic compounds, polychlorinated biphenyls, pesticides, and
metals.

R-1.3.4 ERSE of IR Sites 40 and 70

In 1998, an ERSE was conducted to supplement data from previous investigations at IR
Sites 40 and 70 (BNI 1999a). The ERSE included soil and groundwater sampling. ERSE
findings enabled the DON to support a decision of no further action, removal action, or
further evaluation. The ERSE:

s better defined the nature and extent of soil and groundwater contamination,
¢ further refined existing geological and hydrogeological site models,

s evaluated the fate and transport of COPCs from soil to groundwater and within
groundwater, and

s evaluated soil and groundwater to assess the potential threat to human health
and the environment through screening risk assessments

Although there is no immediate threat to human health or the environment fiom
groundwater at either site, the ERSE report recommended further action to address
groundwater at IR Sites 40 and 70 because cumulative human-health risk exceeded the
generally acceptable 1ange as defined by the NCP. See Appendix A for details on ERSE
findings (BNI 1999a).
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R-1.3.5 Groundwater Testing at IR Site 70

Aquifer testing was performed at IR Site 70 in August to September 1998 to further
characterize the saturated zone and provide data to support evaluation of remedial
alternatives (BNI 1999b). Two extraction wells and five piezometers were installed, and
step drawdown tests were performed in the extraction wells. A constant discharge rate
pumping test was also performed in the shallow groundwater well. Groundwater samples
were collected during pumping tests (Appendix A).

From November 1998 to February 1999, BNI conducted a shallow groundwater pilot test
at IR Site 70 (BNI 1999c). The pilot test consisted of pumping 2 5 gallons per minute
{gpm) from a well near the contamination source for 3 months. The saturated zone was
characterized by determining the contaminant concentration distribution before and after
the pilot test and defining the effective pumping radius of influence and groundwater
parameters (Appendix A).

1.4 REGULATORY STATUS
1.5 PHYSICAL SETTING AND CLIMATE

R-1.6 REGIONAL GEOLOGY/HYDROLOGY/HYDROGEOLOGY

Regional geology and hydrogeology is summarized in the original FS and Appendix A
Appendix A in the original FS provides more details.

1.6.1 Regional Geology

1.6.2 Water Supply

1.6.3 Surface-Water Hydrology

1.6.4 Hydrogeology

R-1.7 SITE CONDITIONS - IR SITE 70

This section presents general information on site conditions at IR Site 70, including
geology/hydrology, groundwater chemistry, nature and extent of contamination, and
contaminant fate and transport. See Appendix A for more details.

1.7.1 IR Sife 40

1.7.1.1 GEOLOGY, HYDROLOGY, AND HYDROGEOLOGY
1.7.1.2 GENERAL GROUNDWATER CHEMISTRY

1.7.1.3 NATURE AND EXTENT OF CONTAMINATION
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Section R-1 Introduction

1.7.14 CONTAMINANT FATE AND TRANSPORT

R-1.7.2 IR Site 70

The following subsections discuss site conditions at IR Site 70.

R-1.7.2.1 GEOLOGY, HYDROLOGY, AND HYDROGEOLOGY

IR Site 70 has a groundwater contaminant plume to approximately 190 feet bgs. The
latera] and vertical extent of the plume has been delineated. The groundwater gradient
vaties in the flow direction, which is normally southeast. This direction reverses itself
seasonally, and movement of the plume in groundwater is relatively slow. The sediments
span a wide range of lithologies and grain sizes (see cross sections in Appendix A).

Observed Geologic Units
The geologic units observed at IR Site 70 are as follows (BNI 1999a).

Surficial soils — Fill materials, including sandy clay and predominantly
fine-grained clayey sand to silty sand up to about 7 feet thick. Off-site to the
southeast, surficial soils consist of approximately 2 to 17 feet of native sand,
silty sand, clayey sand, and sandy clay, occasionally including thin lenses of
silt, silty clay, and clay.

Shallow clay unit - A typically 15- to 25-foot-thick interval consisting of clay to
silty clay, which grades locally to sandy clay, clayey silt, or silt. Shallow
groundwater has been typically encountered within the coarser-grained surficial
materials in the underlying clay or just beneath the clay, depending on the
location and time since last rainfall.

Interbedded unit — Interbedded clays, sandy clays, clayey sands, silts, and silty
sands. This unit is typically thickest to the northwest, where it extends to
approximately 54 feet, thinning southeastward to a 3- to 10-foot-thick sandy silt
to silty sand interval.

First sand unit — Fine- to medium-grained sand, with coarse-grained sand to
gravel, grading to silty sand in some areas. The unit also seems to contain
several discontinuous silt, silty clay, or clay interbeds. The total unit thickness
typically varies from approximately 40 to 80 feet, thickening to the southeast.
The top of the unit varies from 22 to 54 feet bgs (and is deeper to the north); its
base occurs at 87 to 115 feet bgs.

Shell horizon — Sand and shells. The sand is typically fine- to coarse-grained,
although is locally fine-grained or fine- to medium-grained. Depth to the top of
the shell unit ranges from 87 to 115 feet bgs. The unit typically extends to 96 to
130 feet bgs.

Second sand unit — The sheli horizon is undetlain by another unit consisting
mainly of sand. The sand is typically fine- to coarse-grained, although it locally
contains gravel, which grades silty sand in some areas. The unit also contains
appareatly discontinuous siit, silty clay, or clay interbeds in some areas. The
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top of the unit varies from 96 to 130 feet bgs; its base occurs at 164 to
176 feet bgs. The total unit thickness varies from 34 to 78 feet but pinches out
to the southeast.

* Deep clay unit — An apparently continuous unit consisting mainly of clay to
silty clay is encountered at depths between 164 to 176 feet bgs. The unit grades
to clayey silt, silt, sandy silt, or sandy clay in some areas. It is 3 to 20 feet thick,
extending to between 175 and 188 feet bgs. The umit is underlain by up to 6 feet
of silty sand and sand to the maximum depth of the ERSE borings (191 feet

bgs).

Conceptual Model

The revised site physical conceptual model generally represents the location and assumed
lateral continuity of the hydrostratigraphic units beneath the IR Site 70 vicinity
(Figure R-1-18). The model incorporates the uppermost approximately 190 feet bgs,
which includes Recent Age sediments and Late Pleistocene sediments of the Lakewood
Formation. The model was developed using data from the RI (BN, 2002, BNI, 1999a).

During the pumping tests (BNI, 1999b,c), additional data were incorporated into
development of a conceptual model for the IR Site 70 source area. GCI developed a three
dimensional visualization of the site conceptual model, which is presented in Figure R-1-
19. The additional investigation confirmed the presence of a relatively impermeable
shallow clay layer from approximately 2 to 20 feet bgs in the vicinity of the source area.

Aquifer Test Results

The hydiaulic conductivities of screened intervals in selected ERSE groundwater
monitoring wells were determined based on aquifer (slug) tests (See Appendix A for
aquifer test results [BNI, 2002]). Hydraulic conductivity values are summarized below.

shallow (20 to 30 feet bgs), 0.85 to 4.55 feet/day;
intermediate (50 to 60 feet bgs), 3.25 to 7.89 feet/day;

deeper zone (95 to 110 feet bgs), 14.15 to 95.93 feet/day; and
deepest zone (160 to 170 feet bgs), 11.55 to 299.59 feet/day.

These results show that hydraulic conductivity values for deeper zone wells are typically
at least an order of magnitude higher than for shallow and intermediate interval wells.

Additional aquifer testing was performed for pump tests conducted at the IR Site 70
source area and vicinity (Section 1.3.3, BNI, 1999b). Step drawdown and constant
discharge pumping tests were performed on a shallow well in the vicinity of the IR Site
70 source area screened within the interbedded unit (Appendix A [BNI, 2002]). The
transmissivity of the interbedded unit for the pilot test at 2.5 gpm was approximately 0.1
square foot per minute, and the storage coefficient was approximately 0.006. Based on a
saturated thickness of 15 feet for the tested interval, the hydiaulic conductivity was
approximately 0.007 foot per minute, or 10 feet per day. The radius of influence for the
pumping test was approximately 240 feet.
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The 90-day shallow groundwater pilot pumping test (BNI 1999¢) included determining
VOC concentrations before, during, and after the pilot test and confirmation of the
transmissivity, storage coefficient, and pumping 1adius of influence near the shallow
pumped well EW-70-01 (Appendix A). The transmissivity of the interbedded unit for the
pilot test at 2.5 gpm was determined to be approximately 0.1 square feet per minute,
which confirms the previous pumping test result. The storage coefficient is
approximately 0.004, which is similar to the value of 0.006 determined from the pumping
test data and the value of 0003 determined from the previous flow model calibration.
Based on a saturated thickness of 15 feet fo1 the tested interval, the hydraulic conductivity
was approximately 0.007 feet per minute, or 10 feet per day. The radius of influence for
the pilot test was approximately 230 feet.

Groundwater Flow

Groundwater flow is locally influenced by tides (BNI 1999a). Most shallow and
intermediate wells fluctuate less than 0.1 feet as a result of tidal influences. Water levels
in deeper wells have fluctuated from 0.15 to 0.20 feet.

Seasonal influences appear to change the groundwater surface gradient direction in the
shallow zone and intermediate zones. Groundwater flow within the deeper zones is
generally toward the southeast. Seasonal influences for the deeper zones are under
evaluation.

Based on consistently downward head differences of typically 1 to 3 feet between shallow
zone and intermediate zone wells, the vertical gradient is estimated to be typically 0.03 to
0.1 ft/ft. A smaller downward gradient of 0001 to 0.005 fi/ft is estimated between the
deeper zone wells screened at 95 to 105 feet bgs and wells screened at 160 to 170 feet
bgs, where head differences are less than 0.1 to 0.3 feet Additional discussions of
vertical head differences are included in Appendix E (Sections E2.2.1, E2.4.3, and
E25.2).

R-1.7.2.2 GENERAL GROUNDWATER CHEMISTRY
General groundwater chemisiry data (BNI 1999a) indicate the following:

® Groundwater quality at IR Site 70 ranges from fresh to saline, depending on
location and depth interval, based on TDS.

¢ Chloride is the major anion present in groundwater located beneath IR Site 70
¢ Major cations include calcium, magnesium, sodium, and potassium.

¢ Dissolved gases (methane, ethane, and ethene) are locally present.

* Dissolved iron and manganese are locally present.

¢ Total organic carbon is locally present; the highest concentrations are reported
in center-of-plume wells and located within the defined boundary of the VOC
plume.
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Section R-1 Introduction

Specific conductance and salinity values indicate that shallow groundwater
underlying IR Site 70 ranges from fresh to brackish to slightly saline.

pH values suggest that the groundwater is slightly basic.

Based on concentrations of dissolved oxygen and ORP values, the groundwater
environment beneath the area is moderately reduced to reduced. ORP values
were positive within the shallow-water interval and negative in the intermediate
and deeper water intervals.

Ferrous iron is locally present.

R-1.7.2.3 NATURE AND EXTENT OF CONTAMINATION

BNI further investigated soil and groundwater contamination at IR Site 70 during the
ERSE (BNI 1999a) Soil sampling and analyses focused on:

determining the presence of VOCs, SVOCs, hexavalent chromium (Cr+6), heavy
metals, pesticides and polychlorinated biphenyls (PCBs) in the vadose zone
soils and (if present) delineating the vertical and lateral extent and potential for
impact to groundwater; and

delineating the vertical and lateral extent of chlorinated solvents (TCE, PCE,
and degradation products) within vadose zone soils and assessing the potential
to serve as an ongeing source of VOC contamination to groundwater.

AQOCs included:

Former Stormwater Drainage Channel (AOC 2),
Saltwater Discharge Point (AQC 3),

Perimeter Drainage Channel (AOC 4), and
Area North of Building 112 (AOC 11).

The ERSE recommended no further action for three of the AOCs (AOC 2, AOC 3, and
AOC 11} and further evaluation for AOC 4. However, in each case, the fate and transport
evaluations demonstrated that the potential for COPCs in soil to leach to the groundwater
and be transported in the groundwater is low to negligible (BNI 1999a).

GCI has evaluated the data sets for IR Site 70. From this evaluation, the data were

entered

into a three-dimensional visualization software package to provide graphic

visualizations of the TCE plume. Figure R-1-20 provides a 3-dimensional representation
of the greater than 5 ug/l. (5 ppb) TCE plume. This view of the data shows a vertical
trend beneath the source area and a horizontal trend along the shell horizon.

page R-1-14
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Section R-1 Introduction

Figure R-1-21 provides a view of the 50 ug/L. (50 ppb) isochron (equal concentration)
surface. This view accents the vertical and horizontal components of the plume. This
plume limit captures over 80 percent of the dissolved phase mass. Although the plume is
approximately 2,400 ft long by 2,000 ft wide, Figure R-1-21 shows that the plume
staircases through the site lithology to its deepest point at the southeastern edge of the
plume. Figure R-1-22 provides a 3-D visualization of TCE above 10,000 pg/L, the
inferred DNAPL areas. From this visualization, we can better define the remedial
approach.

More information regarding the nature of contamination at the IR Site 70 source area is
presented in the shallow groundwater pilot pumping test report (BNI 1999c). See
Appendix A for more details on the nature and extent of contamination at IR Site 70.

1.7.24  CONTAMINANT FATE AND TRANSPORT
1.8 SUMMARY OF SCREENING RISK ASSESSMENT
R-1.9 REPORT ORGANIZATION

The RES report incorporates the existing FS report sections, appendices, tables, and
figures by reference unless the revised section, appendices, tables, and figures are
included in the RFS. The existing FS report included seven main sections and five
appendices; the RFS includes the revised text portions for the seven sections and revised
Appendices R-B, R-C, R-D, and R-E. Attachment A provides tables and figures from the
original FS for ease of reference. Modifications to the existing tables and figures have
been made to evaluate the enhanced bioremediation alternative.  The FS includes the
following sections and appendices:

* Section 1 provides an overview of the CERCLA ES process and summarizes
significant findings from the ERSE completed at IR Sites 40 and 70 and
pumping tests at IR Site 70.

s Section 2 outlines the RAOs.

¢ Section 3 identifies and screens various remedial technologies and process
options for contaminated groundwater.

¢ Section 4 develops technologies and process options into remedial alternatives
and screens the alternatives as appropriate.

s  Section 5 provides a detailed analysis of remedial alternatives using NCP
criteria,

* Section 6 compares the remedial alternatives based on NCP criteria.
* Section 7 provides references cited.

» Appendix A summarizes previous investigations, most notably the ERSE
(BNI 1999a) and the pumping tests at IR Site 70 (BNL, 1999b,c).
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Section R-1  Introduction

Appendix R-B documents ARARs, including the new ARARs list provided by
DBC - 19 Janvary 2005.

Appendix R-C provides detailed descriptions of remedial process options
evaluated in the FS.

Appendix R-D describes the development of cost estimates for remedial
alternatives considered in this IS and provides detailed costs for each
alternative analyzed in Section 5.

Appendix R-E presents the results of groundwater modeling studies used to
evaluate various remedial options.

Attachment A provides referenced tables and figures from the original FS
(BNI, 2002).
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Section’ R-1  Intreduction
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Section R-2
REMEDIAL ACTION OBJECTIVES

This section presents the RAOs for VOC-contaminated groundwater at IR Site 70. Factors
considered in determining RAOs included affected media, constituents of concermn (COCs),
human health and ecological risks, and ARARs.

U.S. EPA defines remedial action objectives as media-specific goals for protecting human health
and the environment (U.S. EPA 1988) As stated in the NCP, RAOs focus the FS and define the
scope of potential cleanup activities, thereby guiding the development and evaluation of cleanup
alternatives (40 CFR 300.430fe][2][i].

General response objectives are used to identify COCs and RAOs. The general response
objectives for IR Site 70 are as follows:

¢  Consistent with U.S. EPA, SWRCB, and RWQCB policies and regulations, protect
existing beneficial uses of the shallow aquifer underlying NAVWPNSTA Seal
Beach to the extent practicable while preventing or minimizing off-base migration
of VOC contamination (as defined by RAOs).

s Protect human health by preventing extraction of VOC-impacted shallow
groundwater for domestic use until RAOs are achieved.

R-2.1 AFFECTED MEDIA AND CONSITUENTS OF CONCERN

Sampling results from the ERSE and previous investigations have shown that
groundwater 1s impacted by VOCs at and downgradient of IR Site 70. Hence, VOCs in
groundwater (i.e., the affected media) are the COCs for this RFS.

The COCs were identified based on ERSE findings (Table 2-2, Attachment A).
Considered were the tap water carcinogenic risk resulting from the screening risk
calculations and the frequency of occurrence, distribution, and overall mass of the
COPCs. Table 2-4 (Attachment A) lists total mass of the major constituents at IR Site 70.
These estimates were developed from ERSE data (BNI, 1999a) and groundwater
modeling results (Appendix R-E).

21.1 IR Site 40

R-2.1.2 IR Site 70

Four chlorinated VOCs are COCs at IR Site 70: 1,1-dichloroethene, TCE, vinyl chloride,
and chloroform (Table 2-2, Attachment A). The remedial technologies have been
evaluated based on their ability to address these VOCs.

These constituents were identified based on their contribution to the screening-level
carcinogenic risk for tap water and frequency of occuttence at the site. The total cancer
risk associated with groundwater at IR Site 70 was estimated at 12 X 10" by using U S.
EPA tap water PRGs. Chlorinated VOCs contribute 98.5 peicent of the total
carcinogenic risk (BNIL, 19993),
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Section R-2 Remedial Action Objectives

2.2

Although ERSE sampling results showed metals exceeding background levels (BNI,
1999a), metals were ruled out as COCs at IR Site 70 because:

e metals are concentrated in the heavy use areas of the RT&E facility;

e single occurrences of metals reported above the statistical background were
isolated;

e naturally occurring metals, such as copper, iron, manganese, and arsenic, are
widespread, and theit range of concentrations can largely be attributed to
various organic and inorganic adsorption mechanisms; and

e the cancer and noncancer risk drivers at IR Site 70 are overwhelmingly
chlorinated VOCs.

For the purposes of this RES, the area to be addressed corresponds to the footprint of the
TCE plume at IR Site 70 (Figures R-1-18 through R-1-21). Because of the levels of
contamination encountered, the affected media (i.e., groundwater) will be addressed as
two sepaiate areas within the plume: a suspected dense nonaqueous-phase liquid
{DNAPL) area and a dissolved-phase plume.

Figure 2-1 (Attachment A) shows the suspected DNAPL area. This area cotresponds to
the 10,000 pg/l. isocontour of TCE at the less-than-35-foot depth interval (Figure R-1-
22). It is assumed to extend to approximately 50 feet bgs. The comesponding area at the
surface is approximately 5,700 square feet, and the total volume (all media) is
approximately 285,000 cubic feet (10,600 cubic yards). The area of the dissolved-phase
plume is approximately 2,500 by 1,000 feet at its largest footprint in the 75- to 110-foot-
bgs depth interval (Figure R-1-18)

POTENTIAL RECEPTORS/EXPOSURE PATHWAYS

R-2.3 APPLICABLE OR RELEVANT AND APPROPRIATE

REQUIREMENTS

ARARs are used to develop remediation (i.e., cleanup) goals for the groundwater affected
by VOCs at IR Site 70. Remedial response actions at these sites will be governed by state
and federal ARARs that provide criteria for establishing numerical cleanup goals for
groundwater and for potential discharge to surface waters. Because the ocean is located
near the base, substantive provisions of the California Ocean Plan (SWRCB 1997) (as
referenced in the Water Quality Control Plan, Santa Ana Basin [RWQCB, 1995]) may
constitute ARARs for any response action establishing criteria/standards controlling
discharge of wastes into ocean waters (or conduits to ocean waters).

As part of the FS, the NCP requires compatison of constituent concentrations in the
media of interest to acceptable concentrations. Acceptable concentrations are established
by federal and state ARARSs as set forth in remediation goals. This comparison typically
includes an evaluation of whether:

e the remediation goals for the COCs sufficiently protect receptors at the site; and
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Section R-2 Remedial Action Objectives

¢ the exposure analysis conducted as pait of the risk assessment adequately
addresses each significant pathway to receptors

Remediation goals serve as endpoints for the response action, establishing both the
performance requirements for remedial technologics and a basis for measuring the
success of cleanup. Under CERCLA, remediation goals are typically established by using
health-based ARARs when available. When health-based ARARs are not available, or
are not sufficiently protective due to multiple exposures or multiple constituents,
remediation goals can be set by using site-specific risk calculations or other risk-based
criteria. The development of remediation goals for groundwater should also consider the
background quality of the water as well as its ability to affect other groundwater and
surface water (e g., through migration or discharge).

CERCLA remedial actions for contaminated groundwater are based on the expectation
that aquifers will be returned to beneficial uses wherever practicable (40 CFR
300.4301a]][1]iii][F] However, shallow groundwater beneath NAVWPNSTA Seal
Beach is not currently used for municipal/domestic beneficial use. Potential discharge of
contaminated groundwater to surface waters is the primary pathway for risks to the
environment. Therefore, the remediation goals for groundwater are based on preventing
potential human and ecological exposure to groundwater containing VOCs above health-
protective levels and protecting existing beneficial uses while preventing or minimizing
off-base migration of VOCs (as defined by RAOs).

In developing remediation goals for IR Site 70, the substantive provisions of the
following requirements were identified as ARARs:

¢ (Clean Water Act for discharge to surface water in 40 CFR 257.3-3(a);
s federal MCLs and nonzero maximuin confaminant level goals for VOCs;

e state primary MCLs for VOCs in Title 22 California Code of Regulations
(CCR);

¢ Water Quality Control Plan, Santa Ana River Basin (water quality objectives,
beneficial uses, waste discharge limitations, and subsequent amendments to the
WQCP including R8-2004-0001) (RWQCB, 1995);

¢ (California Ocean Plan (SWRCB, 1997); and

* RCRA groundwater protection standards in CCR Title 22 Section
66246 94(a)(1), (a)(3), (c), (d), and (e).

See Appendix R-B for details on how remediation goals and ARARs were identified.
Remediation goals may change based on input from state agencies and the community on
technological limitations and performance data identified during remedy implementation.

R-2.4 REMEDIAL ACTION OBJECTIVES FOR IR SITE 70

RAOs are site-specific, qualitative goals that define the purpose of site cleanup. RAOs
specify:
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Section R-2 Remaedial Action Objectives

o COCs;

* exposure route(s) and receptor(s); and

* an acceptable contaminant level or range of levels for each exposure route
(i e., a remediation goal}.

Because RAQOs typically involve preserving or restoring a resource (e.g., groundwater,
surface soil, they are expressed in terms of the medium of interest and target cleanup
levels whenever possible. The groundwater COCs are limited to chlorinated VOCs
(primarily TCE) at IR Site 70. RAOs were identified as the resuit of the ARARS analysis
(Appendix R-B).

The RAOs for IR Site 70 focus on mitigating potential human exposures to the
groundwater and limiting the further degradation (DNAPL mobilization) and migration of
VOCs in the groundwater or off base (Table 2-6, Attachment A)

While MCLs have geneially been established as PRGs for the purposes of this FS, this
should not be construed as an acceptance by the DON of final remediation goals at IR
Site 70. The DON belicves establishing final remediation goals is an iterative process,
taking into account site-specific factors such as aquifer classification and designated use,
and the site- and chemical-specific nature of the groundwater requiring remedial action.

According to U S. EPA (1989), in many cases, groundwater response actions should be
initiated even though it is not possible to assess the restoration timeframe o1 ultimate
contaminant concentrations achievable. U.S. EPA further concluded that after
groundwater remediation systems have been opetated and monitored over time, it should
be possible to define the final goals of the action

Particularly for the DNAPL area at IR Site 70, because of the site-spectfic conditions, the
DON believes that ARARs waivers listed in the NCP (§300.430[f]]1}[ii}[C] may be a
necessary component of the final remedy (U.S. EPA 1993a). At IR Site 70, DNAPLs (in
the form of ganglia or droplets) are presumed to exist; therefore, the DON is evaluating a
“containment zone” approach to site cleanup at this location. State containment zone
provisions, including 23 CCR Division 3, Chapter 22 Section 2911, are potentially
applicable.
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Section R-3
IDENTIFICATION AND SCREENING OF REMEDIAL

TECHNOLOGIES

This section discusses general response actions and associated technologies capable of
addressing VOC-contaminated groundwater at IR Site 70. The remedial technologies have been
screened for effectiveness, implementability, and relative cost (U.S. EPA 1988). Technologies
retained after screening evaluation have been assembled into remedial alternatives (Section R-4).

R-3.1 GENERAL RESPONSE ACTIONS

General response actions are broad categories of remedial approaches for RAOs. Some
response actions may stand alone as complete remedial alternatives. However, in most
cases, combinations of response actions are required to effectively address site-related
contamination and meet all the RAOs.

Potential general response actions were developed because the NCP requires
consideration of a broad range of alternatives. Per 40 CFR 300.430(e), an FS must
evaluate no action; source control alternatives that reflect varying degrees of treatment,
containment, and institutional controls; and groundwater restoiration alternatives that
attain RAOs within different time periods using one or more different technologies.

For this FS, the following general response actions were considered.
* No action

¢ Institutional controls

¢ Monitoring may include technical measures such as groundwater sampling and
analysis to evaluate VOC extent and migration, potential risks, and/or changes
in site conditions over time.

¢ Monitored natural attenuation relies on naturally occurring in sifu processes
(e.g., biodegradation, chemical transformation, volatilization, dilution,
dispersion, and adsorption) to achieve remediation goals within a reasonable
timeframe (U S. EPA 1999). Under certain conditions, these natural processes
act to reduce the mass, toxicity, mobility, or volume of VOC-contaminated soil
and groundwater Monitoring is necessary to check cleanup progiess.

» Containment

¢ Insitu treatment involves using in-place processes (e.g., biological, physical,
thermal, or chemical). Biological, thermal, physical, or chemical processes may
be used to break down contaminants and/or alter their properties so they can be
easily extracted.

+ Extraction
e FEx situ treatment
¢ Disposal

e  Treatment of vapor-phase VOCs
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Section R-3 Identification and Screening of Remedial Technologies

s Enhanced bioremediation technologies provide for in situ treatment of the
COCs. The technologies can include biostimulation of intrinsic
microorganisms or bicaugmentation of halorespiring microorganisms to initiate
the bioremediation.

R-3.2 IDENTIFICATION OF REMEDIAL TECHNOLOGIES

Technologies were identified for the general response actions with the RFS options
highlighted. Technologies included those based on guidance on presumptive remedies.
Other selected technologies were included after reviewing site-specific conditions (Table
R3-1). Appendix R-C describes the technologies in detail.

Presumptive remedies are technologies presumptively the most appropriate for addressing
contamination at sites affected by chlorinated VOCs in soil and groundwater
(U.S. EPA 1993a; 1996; 1997a). U.S. EPA expects presumptive remedies to be used at
all appropriate sites, although alternative technologies may be considered when warranted
(U.S. EPA 1993b). To that end, U.S. EPA has published several gnidance documents,
directives, and policy statements, which were followed for this FS (U.S. EPA 1994a;
1997a,b). Based on the DON guidelines for optimizing remedial actions all plans for
installing pump and treat systems on Navy and Marine Corps installations require
approval from Naval Facilities Engineering Command headquarters (DON, 2004). This
RFS evaluates bioremediation in lieu of a pump and treat approach for the dissolved
phase plume and source area.

R-3.3 SCREENING OF REMEDIAL TECHNOLOGIES

For each remedial technology, associated process options are identified Appendix R-C
provides detailed descriptions of the enhanced bioremediation process options.
Remediation technologies and associated process options were then screened for
effectiveness, implementability, and cost (Section R-3.3.1). The objective of screening
was to select representative process options for each technology, then use selected
technologies to form remedial alternatives, thus simplifying development and evaluation
of alternatives (Section R-4).

Process options were screened for two areas of interest: dissolved-phase plume at IR Site
70, and the suspected DNAPL source area at IR Site 70.

R-3.3.1 Screening Criteria

The process option screening criteria (effectiveness, implementability, and cost) were
applied based on their relative importance to the FS process (U.S. EPA 1988). The
criterion of effectiveness was given the most weight, followed by implementability, then
cost. When two or more process options yielded comparable results, cost determined the
most effective option.
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Table R-3-1

Identification of Remedial Process Options

General Response Action

Remedial Technology

Process Option *

No action

None

None

Instimutional controls

Land-use controls
‘Water-use controls

Land-use controls
Water-use controls

Monitoring

Meonitoring

Groundwater sampling and analysis

Monitored natural attenuation

Monitored natural attenuation

Natural attenuation

Containment

Vertical barriers

Sheet piling

Grout curtains

Deep soil mixing

Sharry wall
Hydraulic controls Extraction/injection
In situ treatment Biological treatment Anaerobic biodegradation
Biological treatment At_lé_l_erob_ié biodegradation with
bicaugmentation

Physical treatment

Air sparging

Thermal treatment

Electrical resistive heating

Steam stripping

Chemical treatment

In situ flushing

Permeable reaction walls

Chemical oxidation

Extraction

Groundwater extraction

Wells

Directional wells

Vacuum-enhanced exiraction

Fracturing

Fracturing

Ex situ treatment

Biological treatment

Bioreactors

Physical treatment

Alr stripping

Carbon adsorption
Chemical treatment Ultraviolet oxidation
Disposal Otf-site disposal RCRA TSD facility
Groundwater discharge Injection/Infiltration

Publicly owned treatment works

Surface outfali

Beneficial uses

Vapor-phase VOC Treatment

Physical treatment

Vapor-phase carbon adsorption

Acronyms/Abbreviations:

RCRA - Resource Conservation and Recovery Act
TSD —treatment, storage, and disposal
VOC - volatile arganic compound

Highlighted Text Reflects Remedial
Alternatives Evaluated Within the-RFS
* Options from Originaf FS {BNI, 2002)

Final GW RFS Report IR Site 70, NAVWPNSTA Seal Beach, SB

Cirtwhbifinal RFS\2005-RFS-Sec-03-25-08-05 dec

page R-3-3



RFS/GeoSyntec Consuitants
MNAA47408-04-C-7526
Date: 08/25/05

Section R-3 identification and Screening of Remedial Technologies

The following was considered when screening for effectiveness (U.S. EPA 1988).

» Ability to achieve RAOs for the protection of human health and the
environment. Not considered further were technologies incapable of attaining
chemical-specific ARARSs or health-based remediation goals or those that would
not effectively contribute to the protection of public health or the environment.

e  Permanent reduction in toxicity, mobility, or volume of VOCs in affected
groundwater and soil. Preferred were technologies that permanently reduce
contaminant toxicity, mobility, or volume,

o Long-term risks of treatment residuals or containment systems. Prefeired were
technologies with significantly lower long-term risks.

*  Risks to the public, workers, or the environment during technology
implementation. Preferred were technologies posing less risk during
implementation.

The following was considered when screening for implementability (U.S. EPA 1988).

» Site characteristics limiting the construction or effective functioning of a
technology. Eliminated were technologies limited by site conditions.

¢ Waste or media characteristics that limit the use or effective functioning of a
technology. Eliminated were technologies limited by waste or media
characteristics.

o Availability of equipment needed to implement a technology along with the
capacity of any off-site treatment or disposal facilities required. Preferred were
commercially-developed technologies that are readily available or innovative
technologies that have been pilot-tested.

s Administrative feasibility of obtaining permits and approvals from regulatory
agencies and other offices. Such feasibility is an important component of
implementability, because a technically feasibie option may be difficult or
impossible to permit. Technologies were eliminated if permitting was judged to
be inordinately difficult

Cost criteria used to screen remedial technologies were qualitative and based on
engineering judgment unless otherwise noted. The relative magnitude of capital as well
as operation and maintenance (O&M) costs were considered when comparing process
options within a technology. Process options with lower costs were prefetred if the
effectiveness and other implementability criteria were similar. To allow a more accurate
comparison of 1999 costs to 2005 costs, a 3 percent escalation per year was used.

page R-3-4 , Final GW RFS Report IR Site 70, NAVWPNSTA Seal Beach, SB

Cirwbinal RFS\2005-AFS-Sec-03-25-08-05 dog



AFS8/GeoSyntec Consultants
NA47408-04-C-7526
Date: 08/25/05

Section R-3 Identification and Screening of Remedial Technologies

R-3.3.2 Screening Results

The following subsections discuss screening results for only components of the RFS.
Results for process options are grouped by general response action (Section R-3.1) and
technology. Table R3-2 summarizes results and lists process options retained for
alternatives development (Section R-4). See Appendix R-C for details on process
options. In the following section, the general headings for the technologies considered
are provided with the understanding that the detailed discussion for these sections are in
the original FS.

3.3.2.1 NO ACTION |
3.3.2.2 INSTITUTIONAL CONTROLS (RETAINED AS STATED IN ORIGINAL FS)
R-3.3.2.3 MONITORING

Monitoring involves regular site inspections, groundwater monitoring, and compliance
reporting. Monitoring will be a significant factor in evaluating the effectiveness of the
proposed in situ enhanced bioremediation treatment. One process option, groundwater
sampling and analysis, was screened. Groundwater would be periodically sampled and
analyzed to monitor aquifer hydraulics, effectiveness of enhanced bioremediation,
variations in contaminants, and aquifer chemistry (Appendix R-C).

* Effectiveness; Groundwater sampling and analysis as a stand-alone action is
not effective at reducing the mass, volume, or toxicity of groundwater
contamination. It is effective as a means of monitoring the effectiveness of
groundwater remediation measures. However, groundwater sampling and
analysis may not be capable of distinguishing between contaminant
concentrations attributable to dissolved-phase contamination and nonaqueous-
phase contamination.

* Implementability: Groundwater sampling and analysis is implementable at
NAVWPNSTA Seal Beach as demonstrated by previous investigations.

* Cost: Groundwater sampling and analysis can be cost effective if planned and
executed effectively and if it is fixed in duration,

This process option is retained to be used in combination with other technologies for the
IR Site 70 dissolved plumes and the IR Site 70 DNAPL area. Data quality objectives
should be carefully reviewed for any sampling and analysis performed in the suspected
DNAPL atea at IR Site 70
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Table R-3-2
Remedial Process Option Screening Results

General Response Action

Remedial Technology

Process Option®

No action

None

None

Institutional controls

Land-use controls
Water-use controls

Land-use controls
Water-use controls

Monitoring

Monitoring

Groundwater sampling and analysis

Monitored natural attenuation

Monitored natural attenuation

Natural attenuation

Containment Vertical barriers Sheet piling -
Grout curtains . -~ ©
Deep soil mixing
Sturry wall -
Hydraulic controls Extraction/injection
I sity treatment Biological treatment Anaerobic biodegradati(’mh
Biological treatment Anaerobic biodegradation coupled with bioaugmentation
Physical treatment Afrsparging (00T T L A T e
Thermal treatment Electrical resistive heating
Steam stripping '
Chemical treatment In sin flushing. -
‘Permeable redction walls -
Chemical oxidation®
Extraction Groundwater extraction Wells
Directional wells

“Vacuum-enhanced extraction

Fracturing Fracturing .-
£x sitn treatment Biological treatment Bioreactors.
Physical treatment Air stripping
Carbon adsorption
Chemical treatment Ultraviolet oxidation
Disposal Off-site disposal RCRA TFSD facility -
Groundwater discharge -Injection/inﬁlu'aﬁoﬂ
Publicly owned treatment works
Surface outfall
Beneficial uses . .
Vapor-phase VOC treatment Physical treatment Vapor-phase carbon adsorption
Notes:

a

bold print indicates retained process option;

shading indicates process option is not retained:;
underline indicates process option evaluated in the RFS
IR Site 70 Source Area and Dissolved Plume

° IR Site 40 and IR Site 70 DNAPL area only

Acronyms/Abbreviations:
DNAPL - dense nonaguecus-phase liguid
IR — Installation Restoration (Program}
RCRA - Resource Conservation and Recovery Act
TSD - treatment, storage, and dispesal
VOC - volatile organic compounds
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R-3.3.2.4 MONITORED NATURAL ATTENUATION

Monitored natural attenuation (MNA) allows natural processes to reduce contamination
over time. Monitoiing is necessary to verify that these processes reduce contaminant
concentrations to acceptable levels. MNA combines the groundwater sampling and
analysis process option (Section R-3.3.2.3) with the process option of natural attenuation.
A site-specific evaluation of natural attenuation concluded that there is evidence of partial
natural attenuation occurring in selected areas of the contaminant plumes (Parsons 1998).

e Effectiveness: Parsons (1998) strongly suggests biodegradation via reductive
dechlotination is occurring at IR Site 70 and that conditions below 100 feet bgs
at IR Site 70 were favorable toward reductive dechlorination. The study was
inconclusive regarding the potential for natuzal attenuation in shallower
groundwater at IR Site 70. Therefore, natural attenuation may be effective as a
stand-alone process or for selected portions of the contaminant plumes. Natural
attenuation may be effective in reducing contaminant concentrations; however,
it may require long periods of time to achieve remediation goals in some cases.

e Implementability: Implementability of natural attenuation vaties depending on
the location within the contaminant plumes. The primary limitation on natural
aftenuation is that it is controlled by ambient flow conditions in the subsuiface.
Heterogeneity of aquifer materials also complicates both the extent and rate of
natural attenuation processes. The Parsons study (1998) suggests natural
attenuation is implementable in selected areas, based on evidence that reducing
conditions are prevalent in at least some portions of the affected aquifer

o (Cost: Natural attenuation is a low-cost alternative for addressing groundwater
contamination, assuming it is effective.

This process option was retained for the IR Site 70 dissolved plumes and the IR Site 70
DNAPL area. The DON has recently instituted a long-term groundwater monitoring
program at IR Site 70; this program should provide additional information to evaluate
natural attenuation as a process option.

3.3.25 CONTAINMENT
R-3.3.2.6 IN SITUTREATMENT

Treatment in siru is accomplished without removing contaminated groundwater from the
geologic formation.

Biological Treatment Including Biostimulation and Bioaugmentation

In situ bioremediation can be achieved by the addition of suitable electron donors to
stimulate indigenous halorespiring microorganisms to completely dechlotinate (ie.,
through reductive dechlorination) the site COCs to ethene Bioaugmentation with cultures
containing halorespiring bacteria is required when the requisite bacteria are absent or too
pootly distributed to allow bioremediation to achieve complete dechlorination to non-
toxic end-products and to meet remedial goals in a timely fashion. Recent discoveries
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that key halorespiring bacteria can dechlorinate compounds like PCE and TCE at their
aqueous solubilities have dispelled myths that bioremediation of DNAPL source areas
was not a viable approach. Both laboratory and field applications of bioremediation have
shown that this technology increases the rate of DNAPL removal and thereby shortens the
clean up times of sources.

Additional supporting information and studies demonstiating the effectiveness of
bioremediation approaches are provided in Appendix R-C.

The use of emulsified vegetable oil (EVO), lactate, and other electron donor compounds
has been shown to accelerate anaerobic reductive dechlorination. The in situ
bioremediation of DNAPL and biobarrier tieatment of dissolved phase plumes are
innovative applications of the proven bioremediation process. Optimization of the
treatment approach may require limited pilot-scale testing, remedial design investigation
to define key factors for enhanced bioremediation, and/or microcosm studies to define
specific design elements of the treatment system.

The principal features of the enhanced bioremediation remedy will be the use of slow
release electron donors (e.g., EVO) placed in transects to create biobartiers across the
dissolved phase plume and a grid of donor injection points for the souice area (DNAPL
area). The enhanced bioremediation process will be evaluated as Alternative 11 in the
RES.

Biobatriers will be used to segment the groundwater plume into treatment Zones, because
it is cost- prohibitive to attempt to deliver electron donors or culture throughout the large
volume of contaminated groundwater at the site. Treated groundwater emanating from a
biobarrier will sweep contaminated groundwater into the next downgradient biobartier.
The spacing between the biobarriers, and the natural attenuation rate, will set the total
cleanup time of the dissolved phase plume Bioaugmentation of the source area and the
biobarriers with a stable, halorespiring culture (e.g., KB-1™) will likely be required and
is recommended to overcome uncertainties regarding the potential of indigenous
microorganisms to meet remedial goals within desired timeframes The use of food-grade
vegetable oil will provide a long-lasting, slow-release electron donor for the
biostimulation of intrinsic or bicaugmented microorganisms The EVO is commercially-
available and delivered in drums or tote bags. The EVO is blended with existing site
groundwater as it is injected into the aquifer for the creation of biobarriers or treatment of
the source zone

Demonstration projects for this approach include test plots at Dover AFB, Launch
Complex 34 (an EPA SITE Demonstration project, [EPA, 2004]), and at a commercial
Long Beach California facility. In addition, SWDIV and NWSSB have completed a pilot
test at IR Site 40 that demonstrates the effective dechlorination of VOCs after the
injection of the KB-1™ cultute. These and additional studies indicate that the
bioremediation technology is viable for this site. The technical approach for this site is
considered an innovative application of proven technologies
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» Effectiveness: This technology is proven to be effective at removing
chlorinated VOCs to below RAO provided that: {1) conditions are conducive to
reductive dechlorination, which can exist naturally or be engineered through the
addition of electron donors; and Dehalococcoides ethenogenes strains capable
of further dechlorination of cis-DCE to ethene must be present. The KB-1™
culture contains strains of Dehalococcoides that have been demonstrated to
degrade the daughter products (cis-DCE, vinyl chloride, etc.) under field
conditions, including Site 40 NWSSB (BNI, 2004a; EPA, 2004). This
technology has been shown to be effective in permeable formations ranging
from fractured bedrock and sands to silts. Microcosm and bench scale testing
would provide data to support the effectiveness of the technology and to provide
data on the best combination of electron donors.

— IR Site 70 dissolved-phase plume. The potential for dechlotination by
using biostimulation and bicaugmentation is supported based on initial
observations of VOC distribution in the source and dissolved plume areas at
the IR Site 70 (Parsons 1998). The evidence of dechlorination daughter
products within the shallow source zone indicates that anaerobic
dechlorination was possibly taking place prior to the remedial investigation.
Subsequent aerobic pilot tests may have stalled or terminated these
processes. Dechlorination daughter products were observed to a lesser
degree in the deeper zones (beneath 80 feet bgs). Application of an electron
donor, such as EVO, to stimulate indigenous microorganisms may be
effective within these areas, and addition of stable halorespiring
microorganisms would likely enhance the effectiveness of this approach.
Creation of a biobarrier at the site is a passive remediation approach,
requiring only periodic addition of the EVO. The culture used for
bioaugmentation would only be added once.

~ IR Site 70 DNAPL source area. Laboratory and field demonstiations and
applications provide clear indication that anaerobic bioremediation using
bioaugmentation is an effective process to treat DNAPLs. These tests have
been documented by the US EPA Superfund Innovative Technology
Evalunation (SITE) Program (EPA, 2004) and other tests at Federal facilities
(BNI, 2004a). High concentrations of chlorinated VOCs associated with
source areas have been found to be ideal niches for halorespiring
microorganisms, because the high concentiations suppress the growth of
other microorganisms that may compete for the added electron donor.
Therefore, electron donors are more efficiently used and directed towards
reductive dechlorination in source areas.

o Implementability: This technology is readily implementable, requiring only the
use of injection wells or direct push probes to inject electron donors o1
microbial caltures Electron donors and bioaugmentation cultures are
commercially-available and are delivered on site in appropriate containers
suitable for blending and injection. Microbial activity may result in changes in
secondary water quality, which must be factored into the remedial design;
however, most impacts dissipate within a short distance of the biobarriers and
source areas due to natural processes. A factor that affects the design and cost is

Final GW RFS Report IR Site 70, NAVWPNSTA Seal Beach, SB page R-3-9

Chntwbfinal RF5\2005-RFS-Sec-03-25-08-05 doc



RFS/GeoSyntec Consultants
MNA47408-04-C-7526
Date: 08/25/05

Section R-3 [dentification and Screening of Remedial Technologies

the flux of other potential electron accepiors (e.g ., sulfate), as they can affect
the rate of consumption of the electron donors and the frequency of
replenishment. Operational issues include potential fouling of injection wells
due to microbial growth and precipitation of inorganic constituents. However,
these potential impacts can be more than offset by the passive nature of the
remedial process when the implementation is designed to meet the site
constraints.

~ IR Site 70 dissolved-phase plume. The depth of contamination in some
areas increases the difficulty in implementation. The higher permeability of
these zones as evidenced by the aquifer test results and high estimated
pumping 1ate allows effective distribution of electron donor and added
microorganisms.

— IR Site 70 DNAPL source area. It would be technically feasible to
implement electron donor injection and bicaugmentation except possibly in
the upper clay layer. Drill 1ig access may be a problem in some areas; so
directional drilling may be necessary The presence of sulfate may need to
be addressed. During the remedial design investigation, the Navy will
evaluate potential geochemical interactions within the source zone DNAPL
and intrinsic minerals within the soil. Use of KB-1™ culture should
provide for complete dechlorination of the daughter products. Monitoring
of the treatment system effect should allow confirmation of these results.

¢ (Cost: Factors affecting cost include the quantity of electron donor (e.g., EVO)
and KB-1™ culture required, delivery system requirements (e.g., well spacing,
well depth, bicbaitier spacing, etc.}, and monitoring to evaluate and confirm the
performance standards.

— IR Site 70 dissolved-phase plume. Implementing enhanced
bioremediation would be moderate in cost when contrasted with the volume
of water being treated. By using the biobarrier approach, the plume is
segmented into treatment cells. The spacing of the biobarriers directly
affects the time to complete remediation. The need for extensive
monitoring to evaluate the treatment design and menitor the plume
dynamics contributes to the cost. Recirculation of groundwater during
addition of the electron donor to achieve its proper dispersion adds slightly
to the cost of the delivery system.

-~ IR Site 70 DNAPL source area. Implementing enhanced bioremediation
through either biostimulation and/or bicaugmentation is a relatively passive
process. The initial injection and each subsequent electron donor injection
are labor-intensive but occur once every two years. Drill rig access and
competing electron acceptors would affect cost. Monitoring the
effectiveness of the system will impact costs. Pumping of site groundwater
to make up the injected electron donor emulsion will also add slightly to the
yearly operational costs.

This process was retained for IR Site 70 Plume characteristics are amenable to
treatment. ERSE data indicate the subsurface environment is carbon-deficient and hence,
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electron donor enhancement could be effective in accelerating natural anaerobic
biodegradation The SWDIV study at Seal Beach IR Site 40 is promising and translates
well to conditions at IR Site 70, because both plumes are relatively slow-moving and both
plumes are relatively brackish and conducive to anaerobic biodegradation. Complete
dechlorination was achieved at Seal Beach NWS Site 40 under anaerobic conditions
(BNI, 2004a). Effective demonstiations of enhanced bioremediation have been
completed at NASA Launch Complex 34 and were documented in the EPA SITE
program (EPA, 2004).

The use of enhanced bioremediation within biobarriers is an innovative application but is
not without proven results. The proposed approach allows segmenting the plume into
treatment zones with set cycle times based on the biobarrier spacing and groundwater
flow rate. The biobarter technology is currently being employed at several sites
throughout the United States. Key factors to the success of the technology include proper
definition of the aquifer characteristics, well construction, and injection approach.

3.3.2.7 EXTRACTION

3.3.2.8 EX SITU TREATMENT

3.3.2.9 DISPOSAL

3.3.2.10 VAPOR-PHASE VOC TREATMENT
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Section R-4
DEVELOPMENT AND SCREENING OF REMEDIAL

ALTERNATIVES

The RFS for IR Site 70 discusses the new Alternative 11 and, by reference, includes the existing
FS (BNI, 2002) discussion of Alteinatives 1 through 10. Technologies and associated process
options retained after screening (Section R-3) have been assembled into comprehensive remedial
alternatives for IR Site 70. Many of the alternatives involve a combination of the general
response actions (Section R-3.1). The alternatives represent a 1ange of technmically feasible
remedial responses to address IR Site 70 specific groundwater contamination. These alternatives
were screened based on effectiveness, implementability, and cost before conducting a detailed
analysis to reduce the number of alternatives to a manageable number.

This revised Section R-4.1 describes the new remedial alternative. Revised Section R-42
discusses criteria specified in CERCLA and the NCP and gives screening results for the new
Alternative 11

R-4.1 DEVELOPMENT OF REVISED REMEDIAL ACTION
ALTERNATIVE

A revised remedial alternative (11) for IR Site 70 was developed based on RAOs (Section
2) and according to requirements of CERCLA, the NCP, and, to the extent practicable,
US. EPA technical guidance (U.S. EPA 1988). In addition, the revised approach
addresses issues in response to a Department of Navy directive for optimizing remedial
actions. CERCLA Section 121(b) identifies the following statutory preferences for
remedial actions.

» Preferred remedial actions are those involving treatment that permanently and
significantly reduce the volume, toxicity, or mobility of site-related
contaminants.

¢ The least favorable remedial action is off-site transport and disposal of
hazardous substances or contaminated materials without treatment when
practical treatment technologies are available.

* Remedial actions using permanent solutions, alternative treatment technologies,
or resource recovery technologies should be assessed.

The NCP states that the FS should develop a range of remedial alternatives
(40 CFR 300.430[c]). The RFS provides an evaluation based on advancements in the
enhanced bioremediation field. Alternative 11 provides treatment thfough destruction of
the chlorinated compounds at this site. The CERCLA guidance directs that these
alternatives may vary in the degree of treatment employed (i.e., in the quantity of material
treated or the percent reduction of contaminants) as well as in the types and quantities of
residuals and untreated material remaining on-site requiring long-tetm management For
groundwater iesponse actions, the FS may also consider alternatives that attain
remediation goals in varying lengths of time using one or more technologies.
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Also considered were the criteria regarding eventual selection of a preferred remedial
action (U.S. EPA 1988) According to U.S. EPA technical guidance, the preferred
remedial action for IR Site 70 should:

* protect human health and the environment;

s meet contaminant-specific ARARs and be consistent with location- and action-
specific ARARs;

¢ be cost-effective;

e use permanent solutions and alternative treatment technologies to the maximum
extent practicable; and

» satisfy the preference for treatment as a principal element of the remedial action
to reduce the toxicity, mobility, or volume of contaminants.

The RES includes, by reference, the existing FS (BNI, 2002) alternatives that do not
involve treatment. In these cases, human health and the environment would be protected
by using engineering controls to prevent or control exposure to site contaminants. As
necessary, institational controls (ie., land-use controls or water-use controls) would be
included as part of a comprehensive remedial alternative to ensure continued
effectiveness of engineering controls and other aspects of the response action.

4.1.1 Remedial Aliernatives — IR Site 40

41.1.1  ALTERNATIVE 1 — NO ACTION

41.1.2  ALTERNATIVE 2 - MNA

4113 ALTERNATIVE 3 — HYDRAULIC CONTAINMENT
41.1.4 ALTERNATIVE 4 - PUMP AND TREAT

4115 ALTERNATIVE 5 — IN SITU TREATMENT

R-4.1.2 Additional Remedial Alternative — IR Site 70

This section presents an additional remedial alternative for IR Site 70. The existing FS
(BNI, 2002) includes the discussion of the original accepted alternatives. This section
will discuss the new Alternative 11 for the source area (DNAPL) and the dissolved phase
plume. Alternative 11, enhanced bioremediation, provides a feasible process for
addressing both the suspected DNAPL area, where dispersed DNAPL droplets/ganglia
may exist, and the dissolved plume.

Alternative 11 is discussed separately for the suspected DNAPL area and for the
dissolved plume. These alternatives are combined to create sitewide alternatives (Section
4,1.2.3)
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R-4.1.2.1 SUSPECTED DNAPL SOURCE AREA

The site investigation indicated the potential presence of dispersed DNAPL
droplets/ganglia in the source area Alternative 11, an in sifu enhanced bioremediation
approach, has been developed for the suspected DNAPL source area and includes:

e Alternative 11SA, biostimulation with electron donor; and
s Alternative 11S8B, biostimulation followed with bioaugmentation.

These alternatives are designated “S” to differentiate them from the dissolved-plume
alternative. All of the alternatives include institutional controls, groundwater monitoring,
and MNA (as needed) as a component.

Alternative 11SA-Biostimulation

For this alternative, biostimulation of the intrinsic halorespiring microorganisms with an
electron donor (Emulsified Vegetable Oil [EVO]) would address the suspected DNAPL
area. Biodegradation rates of chlorinated VOCs have been shown to enhance the
dissolution 1ate of DNAPLs, thereby shortening the time for site cleanup and containing
the dissolved phase (i.e., flux reduction) emanating from DNAPL sources. EVO would
be introduced through a grid of wells starting around the perimeter of the DNAPL area
and gradually applying the electron donor over the source area. EVO would also be
injected into a biobarrier aligned along the northern edge of the source area to contain and
treat TCE mass discharge from the source area undet conditions of groundwater flow
reversal. The EVO would be reinjected as it is consumed (estimated every 2 years). The
EVO will be injected at low concentrations (targeting oil saturations of 1%) to avoid
adversely impacting soil permeability. Growth and distribution of the indigenous
halorespiring microorganisms, and trends of the VOCs and their degradation products,
and other parameters (e g., key inorganic species, dissolved hydrocarbon gases, dissolved
oxygen, oxidation-reduction potential), would be monitored. Sampling would occur
within and downgradient of the source zone as pait of the remediation monitoring
program (RMP) to evaluate the enhanced mass removal rate of the residual DNAPL and
effectiveness of biocontainment of the source zone (i.e., reduction in total flux of
chlorinated VOCs). The types, presence, and distribution of halorespiring
microorganisms would be assessed through analysis of extracted DNA from groundwater
or soil samples and the use of microcosms, as appropriate. MNA would be implemented
when the flux of dissolved chlorinated VOCs emanating from any residual source of
DNAPL is less than the assimilative capacity of the aquifer to remove these VOCs to
meet RAOs,

Alternative 118B -~ Biostimulation with Subsequent Bioaugmentation

This alternative is identical to Alternative 11SA but includes bicaugmentation of the
groundwater with a stable, naturally-occurring, and pathogen-free culture of halorespiring
microorganisms (e g., KB-1'M), The KB-1™ culture would be added shortly after the
addition of EVO stimulated anaerobic conditions. The KB-1™ culture contains various
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strains of Dehalococcoides ethenogenes, which is the only microorganism capable of
further dechlosinating cis-DCE past VC to ethene. Research and field demonstrations
(e.g., Major et al., 2002; BNI, 2004a) have shown that this microoiganism or its
appropriate strain is not present at all sites or is very poorly distributed and at low
densities. As a result, addition of electron donors alone can lead to the accumulation of
cis-DCE or VC or very long acclimation times before the effective onset of complete
dechlorination to ethene. Bioaugmentation with cultures like KB-1'™ alleviates these
concerns. A study under the US EPA SITE program showed that bicaugmentation
resulted in over 99% removal of residual DNAPLs (EPA, 2004). Similar RMP would be
implemented as described for Alterative 11SA. MNA would be similarly implemented
as described for Alternative 11SA

R-4.1.2.2 DISSOLVED PLUME
Two variations to Alternative 11 have been developed for the dissolved plume:
e Alternative 11DA, Biobarrtiers with biostimulation,
e  Alternative 11DB, Biobarriers using biostimulation with bioaugmentation.

These alternatives are designated “D” to differentiate them from suspected source atea
(DNAPL) alternatives. All of the alternatives would include institutional conirols, MNA,
and groundwater monitoring as a component.

Alternative 11DA — Biobarriers with Biostimulation

This alternative employs the stimulation of intrinsic microorganisms with electron donox
(ie., EVO) to establish biobarriers that intercept and treat the dissolved plume as it
migrates under natural groundwater flow conditions. The addition of EVO will enhance
the activity of indigenous halorespiring microorganisms (if present) to reductively
dechlorinate the COCs to ethene. The biobarriers will be constiucted by creating a
continuous and immobile zone of EVO by injecting this donor through wells that transect
the dissolved phase plume perpendicular to the groundwater gradient. EVO will be
injected at low concentrations (target of 0.5% oil saturation) to avoid impacting soil
permeability and causing avoidance of the biobarrier by the groundwater Typical
reductions in permeability are thought to be on the order of 5 to 40%, depending on the
soil type, emulsion droplet size, and pore size. Given that geotechnical samples from the
RI/FS indicate very well-sorted sands in the upper and lower treatment zones with
minimum 30% porosities, permeability reductions for this soil type are expected to be at
the lower end of the estimated range. The width of the biobarrier will be sufficient to
provide the residence time necessary for the COC to be treated to meet RAOs. The EVO
would be reinjected as it is consumed (estimated every 2 years). The number of
biobarriers and the spacing between biobarriers will be optimized to provide the lowest
cost within a reasonable treatment timeftame. COCs between biobarriers will be treated
by their flushing into the next downgradient biobarrier and through natural attenuation
processes that will continue to occur between biobarriers. The biobatriers will be located
to contain the chlorinated plume, with biobarriers placed in the upper and lower sand unit
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to treat the extent of the dissolved phase plume. Monitoring wells will be placed up and
downgradient of each biobarrier, and selected injection wells would be used to monitor
conditions within each biobariier. Similar monitoring parameters as described for
Alternative 11SA will be used to evaluate the peiformance of each biobarrier.

Alternative 11DB~ Biobarriers Using Biostimulation and Bioaugmentation

This Alternative is identical to Alternative 11DA but includes bioaugmentation. The
culture would be similarly added as described in Alternative 11SA. Injection of the KB-
1™ culture will not impact the permeability of the aquifer, as only ten liters will be
amended at each injection point, which is then distributed throughout a pore volume of
3,000 ft* to 6,400 ft° (i.e., representing less than 0.01% of the pore volume). Typical full-
strength bacterial populations have a population count of 10" microbes per liner of
groundwater; with each microbe on the order of 0.5 microns in diameter, this represents
only 0.04% of the pore volume. The injected emulsified oil is also unlikely to impact soil
permeability significantly for 0.5% and 1% oil saturations, with typical reductions in
permeability thought to be on the order of at most 5 to 15%, depending on the soil type
and pore size. Geotechnical samples from the RI/ES indicate the very well sorted sands
in the upper and lower treatment zones. Porosities for these materials are expected to
exceed 30 percent based on literature values. Permeability reductions for this soil type
will be at the lower end of the estimated range.

R-4.1.2.3 COMBINED SITEWIDE ALTERNATIVES

Previously alternatives for the suspected DNAPL area and the dissolved plume at IR Site
70 were combined to form sitewide alternatives. The existing FS evaluated ten sitewide
alternatives. The RFS addresses only the Alternative 11 approaches that have been
included in Table R-4-1. The revised approach includes the use of MNA, groundwater
monitoring as a support technology, and institutional controls to prevent humans from
being exposed to contaminated groundwater These revised remedial alternatives are
screened in Section R-4.2.

R-4.2 SCREENING OF THE REVISED REMEDIAL ALTERNATIVE (11)

This RFS evaluates a remedial alternative (11) that has become viable based on new
advances in the technology. Alternative 11 provides a two-step process that allows
relatively passive remediation of both the source area and dissolved phase plume. The
combination of biostimulation and bioaugmentation is significantly different from the
original monitored natural attenuation approach that was evaluated in the original FS.

Alternative 11 provides a technical approach that allows for destruction of the
contaminants of concern. The RES evaluates the potential applicability of biostimulation
and bicaugmentation at this site. Since the components of the treatment system are in
situ, the impacts to the adjacent locations and operations within the plume are minimized.
Based on the initial screening criteria Alternative [1 approach passed for additional
review.
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Section R-4 Development and Screening of Remedial Alternatives

Table R4~1
Identification of Remedial Alternatives — IR Site 70

Alternative  Subalternative Codes Description

1 No action

2 D1/S1 MNA (dissolved plume) and MNA (DNAPIL area)

3 D1/52 MNA (dissolved plume) and MINA/in situ treatment (DNAPL area)

4 D1/53 MNA (dissolved plume) and pump and treat (DNAPL. area)

5 D2/51 Hydraulic containment (dissolved plume} and MINA (DNAPL area)

6 D2/S2 Hydraulic containment (dissolved plume) and in situ treatment
(DNAPL area)

7 D2/S3 Hydraulic containment (dissolved plume) and pump and treat
(DNAPL area)

8 D3/51 Pump and treat (dissolved plume} and MNA (DNAPL area)

D3/52 Pump and treat (dissolved plume} and in situ treatment (IDNAPL. area)

10 D3/S3 Pump and treat (dissolved plume) and pump and treat (DNAPL area)

11 SA/SB Biostimulation of intrinsic micro organisms / bioaugmentation with
halorespiring micro organism culture (DNAPL/source area)

11 DA/DB Biobarriers with biostimulation and bioaugmentation (dissotved phase
plume)

Acronyms/Abbreviations:

DNAPL -- dense nonaqueous-phase liquid

IR — Instailation Restoration (Program)

MNA — monitored natural attenuation
As part of the screening, alternatives are analyzed to investigate the interactions among
media or, in the case of IR Site 70 areas, within the groundwater plume (i.e , the extent to
which source control influences the degree of groundwater and sitewide protectiveness).
For example, soutce control actions for sites with suspected DNAPL can influence the
degree to which dissolved-phase groundwater remediation can be accomplished or the
timeframe in which it can be achieved. In such cases, it may be appropriate to conduct
further analyses to modify either the source control or dissolved phase groundwater
response actions to achieve greater effectiveness in sitewide alternatives (U.S. EPA

1988).

Information available at the time of screening should be used primarily to identify and
distinguish any differences among the various alternatives and to cvaluate each
alternative with respect to its effectiveness, implementability, and cost. Only the
alternatives judged as the best or most promising on the basis of these evaluation factors
should be retained for further consideration, unless additional information becomes
available that indicates further evaluation is warranted (U.S. EPA 1988).
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Section R-4 Development and Screening of Remedial Alternatives

421 IR Site 40

R-4.2.2 IR Site 70

Table R-4-2 presents the screening results for IR Site 70. Of the eleven sitewide
alternatives, six were retained for analysis (Section R-5). Screening results are
summarized below.

¢ Alternatives that did not effectively contain and/or treat the dissolved plume
were 1ejected; ERSE modeling indicates that the contaminant mass would
continue to migrate toward potential water supply points of use unless action is
taken (BNI 1999a).

* Alternatives that did not effectively contain and/or treat the suspected DNAPL
area were rejected. As the result of interactions between the DNAPL area and
the dissolved plume continues, these alternatives were not judged to exhibit
long-term effectiveness

Final GW RFS Report IR Site 70, NAVWPNSTA Seal Beach, SB page R-4-7
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Tabie R-4-2
Revised Screening of Remedial Alternatives for IR Site 70
. Subalternative s . o .
Alternative Codes Description Effectiveness Implementability Cost Conclusion
1 No action Not evaluated at this stage Not evaluated at this stage Not evaluated at this stage | Retain per the NCP

——

—

Hydraulic containment (dissolved plume) and pump and treat (DNAPL area)

Ty

: e AT P
sz___ ) N ] ABE &

Pump and treat (dissolved plume) and in situ treatment (DNAPL. area)

Effective in containment of DNAPL. area; dissolved plume

T
T

6 D2/82 Hydraulic containment (dissolved plume) and in situ treatment (DNAPL area) | May be effective in permanent treatment of DNAPL; effectively contains dissolved Moderate in implementability; | Moderate in cost Retain
plume requires bench/pilot testing
Technically feasible Retain

Moderate in cost

oI enoost

Modetate to high in cost

AE S

Retain

Moderate in implementability;
mass reduction of dissolved plume requires bench/pilot testing
10 D3/83 Pump and freat (dissolved plume) and pump and treat (DNAPL area) Effective in containment of dissolved plume and reduction of contaminant mass; Technically feasible Moderate to high in cost Retain
effectively contains DNAPL area
11 DA/DB Biostimulation / bioaugmentation through biobarriers (dissolved plume) With proper microbe culture this is an effective way to reduce the contaminant mass. Technology feasible Moderate to high in cost Retain
: 11 SA/SB Biostimulation / bicaugmentation of the source area (DNAPL area) With proper microbe culture this is an effective way 1o reduce the contaminant mass. Technology feasible Moderate in cost Retain
Note:
* Shading indicates alternatives eliminated after screening
Acronyms/Abbreviations:
DNAPL. - dense nonaqueous-phase liquid
IR — Installation Restoration (Program)
MNA - monitored natural attenuation
NCP — National Oil and Hazardous Substances Pollution Contingency Plan
RAO — remedial action objective
Final GW RFS Report IR Site 70, NAVWPNSTA Seal Beach, SB page R-4-8

Cirtwhifinal RF$\2005-8FS-Sec-04-25-08-05 doc



RFS/GeoSyntec Consultants
NA47408-04-C-7526
Date: 08/25/05

Section R-5
DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

This section details the revised remedial alternative for IR Site 70 and evaluates it against
regulatory criteria.  Alternative 11 was developed based on screening results (Section R-4)
Section R-5.1 summarizes the criteria for assessing remedial alternatives, as specified in the
NCP. Section R-5.3 describes Alternative 11 for IR Site 70, emphasizing how the technology
and process options would be applied. Section R-5.3 also evaluates how Alternative 11 meets
the NCP criteria '

R-5.1 REVIEW OF CRITERIA USED FOR DETAILED ANALYSIS OF
POTENTIAL REMEDIAL ACTION ALTERNATIVES

The following nine criteria are stipulated in the NCP at 40 CFR 300.430(c)(9)(iii) for the
evaluation of remedial alternatives under CERCLA:

+ overall protection of human health and the environment;

e compliance with ARARs;

+ long-term effectiveness and permanence;

* reduction of toxicity, mobility, or volume through treatment;
* short-term effectiveness;

s implementability;

*  COst;

e state acceptance; and

* community acceptance.

The NCP divides these criteria into three groups: threshold, primary balancing, and
modifying criteria. Threshold criteria include overall protection of human health and the
environment and compliance with ARARs. Primary balancing criteria include long-term
effectiveness and permanence; reduction of toxicity, mobility, or volume through
treatment; short-term effectiveness; implementability; and cost. Modifying criteria
inchude state and community acceptance.

The nine NCP criteria are further defined by subcriteria and other factors
(U.S. EPA 1988). The following subsections explain the nine NCP criteria and
summarize relevant subcriteria and other factors.

R-5.1.1 Overall Protection of Human Health and the Environment

This criterion assesses the extent to which an alternative protects human health and the
environment considering site characteristics and expected 1isk reduction. Evaluation of
the overall protection of human health and the environment afforded by each alternative
draws on assessments made under several other NCP criteria, especially short-term
effectiveness, long-term effectiveness and permanence, and compliance with ARARs.
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Section R-5 Detailed Analysis of Remedial Alternatives

The following issues are addressed for each alternative under this critetion:

e reduction in risk to human health and the environment; and
¢ ability to achieve remediation goals for IR Site 70 groundwater.

R-5.1.2 Compliance With ARARs

This criterion assesses whether an alternative would comply with all applicable or
relevant and appropriate federal and state ARARs, as defined by CERCLA Section 121
and identified in Appendix R-B. When an ARAR is not met, the basis for justifying one
of the six waivers allowed under CERCILA should be discussed.

R-5.1.3 Long-Term Effectiveness and Permanence

This criterion examines the impact of a remedial alternative in the long term, defined in
US. EPA guidance as the time after RAOs are met (U.S. EPA 1988). Thus sk to
human and environmental receptors from remaining COC-impacted groundwater, is
considered at the completion of remedial activities. Evaluation of a remedial alternative
relative to its long-term effectiveness and permanence is made considering the following
four tactors:
* magnitude of the tesidual risk to human and environmental receptors from
remaining COC-impacted groundwater contaminants at the completion of

remedial activities. This includes impacts to the aquifer due to the remedial
approach, such as increased salt water intrusion or byproducts from the remedy;

e type, degree, and adequacy of long-term management (including engineering
controls, monitoring, and O&M) required for COC-impacted groundwater
contaminants remaining at the site;

» long-term reliability of engineering and/or institutional controls to provide
continued protection from COC-impacted groundwater contaminants; and

e the potential need to replace components of the remedy and the continuing need
for repairs or maintenance.
R-5.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment

According to CERCLA, preferred cleanup alternatives use technologies that permanently
and significantly reduce the toxicity, mobility, or volume of hazardous substances
(compared to baseline levels [no action alternative]). For IR Site 70, this would mean
using technologies that:

¢ destroy VOCs in groundwater;
e reduce the total mass of VOCs in the subsurface;
e reduce the volume of VOC-impacted groundwater; or

¢ irreversibly reduce VOC mobility.
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Section R-5 Detailed Analysis of Remedial Alternatives

(Alternatives that do not use treatment technologies to achieve these goals, such as
excavation and off-site landfill disposal of COC-affected groundwater, do not reduce the
toxicity, mobility, ot volume of contaminants.) The agencies also evaluate the reduction
of toxicity, mobility, and volume with respect to remedial by-products that may impact
groundwater.

Evaluation of alternatives for reduction of toxicity, mobility, or volume considers:
s {reatment processes used;

¢ amount of hazardous materials to be treated, including how the principal threats
at the sites would be addiessed;

¢ degree of expected reduction in toxicity, mobility, or volume measured as a
percentage of baseline levels;

s degree to which the treatment is irreversible; and

¢ type and quantity of treatment residuals.

R-5.1.5 Short-Term Effectiveness

This criterion considers how an alternative affects human health and the environment
during cleanup (i.e., the short term). “Short term” is defined as the time required to plan,
design, construct, and operate a system of cleanup until RAOs are achieved (U.S. EPA
1988). Four factors are considered:

¢ short-term risks that might be imposed on the community, such as dust from
excavation of header trenches for groundwater extraction equipment;

s potential impacts to workers during construction and O&M, as well as the
effectiveness and reliability of the protective measures that would be taken;

s potential environmental impacts of the remedial action and the effectiveness and
reliability of mitigation measures that would be taken during implementation;
and

= amount of time required before RAQs are achieved (i.e., the duration of the
short term).

R-5.1.6 Implementability

This criterion evaluates the technical and administrative feasibility of an alternative. The
availability of required equipment, materials, and services is also considered. When
assessing implementability, the following factors are considered.

* Technical feasibility, which refers to the relative case of implementing or
completing an action based on site-specific constraints, including the use of
established technologies. Considered are:

— constructability of components necessary for the alternative;
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— operational reliability, or the likelihood that a technology would meet
specified efficiency levels or performance goals;

-  ability of the owner to undertake future remedial actions that may be
required and difficulty of implementing such actions; and

— ability of the owner to monitor the effectiveness of the remedy.

¢ Administrative feasibility, including the ability (as well as time) required to
obtain approvals from governmental bodies.

e Availability of services and materials required to implement the alternative,
including:

capacity and location of off-site treatment, storage, and disposal services;
— equipment (such as heavy construction equipment) and specialists;

— time needed to develop new o1 innovative technologies under consideration,
including the time required for bench tests and pilot tests; and

— potential for competitive construction bids, a factor that may be particularly
important for innovative technologies such as in situ chemical oxidation.

R-5.1.7 Cost

For each remedial alternative, a cost estimate has been developed based on investigation
data from the ERSE (BNI 1999z) and Technical Memorandum 5 (BNI 1999c).
Procedures outlined in U.S. EPA guidance (U.S. EPA 1987) were followed in developing
the cost estimates for each alternative, which are based on the conceptual engineering
designs presented in this section. The cost data for the original IS alternatives have been
escalated at a 3 percent rate per year to bring them to 2005 dollars. The assumptions and
cost elements for the existing alternatives remain the same unless noted in Appendix R-
D. The cost estimate for Alternative 11 includes capital costs and O&M costs and are
expressed as net present value in terms of January 2005 dollars (Appendix R-D)

R-5.1.8 State Acceptance

This criterion evaluates the remedial alternatives with respect to the conceins of State
agencies. The State of California will review and comment on this RFS Report; State
responses will be considered when tevising this report. State comments will also be
considered in finalizing the ROD and proposed plan. The criterion of State acceptance is
briefly assessed in Section R-6.

R-5.1.9 Community Acceptance

This criterion assesses issues of concern to the community regarding each remedial
alternative. Comments will be solicited from community members during the public
review period for this RFS. These comments will be considered in the remedy selection
process. A summary of public comments and responses will be included in the ROD.
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Although community acceptance will be evaluated after the public comment period for
the Proposed Plan, this criterion is briefly assessed in Section R-6.

5.2 DESCRIPTIONS AND DETAILED ANALYSES OF REMEDIAL
ALTERNATIVES FOR IR SITE 40

5.2.1  Alternative 1 — No Action

5.2.1.1 DESCRIPTION OF ALTERNATIVE

5.21.2  EVALUATION BY CRITERIA

5.2.2 Alternative 2 — MNA

5.2.2.1 DESCRIPTION OF ALTERNATIVE

5.2.2.2 EVALUATION BY CRITERIA

5.2.3 Alternative 3 — Hydraulic Containment
5.2.3.1 DESCRIPTION OF ALTERNATIVE

5.2.3.2  EVALUATION BY CRITERIA

5.2.4 Alternative 4 — Pump and Treat
5.2.4.1 DESCRIPTION OF ALTERNATIVE
5.2.4.2 EVALUATION BY CRITERIA

5.2.5 Alternative 5 — In Situ Treatment
5251 DESCRIPTION OF ALTERNATIVE
5252 EVALUATION BY CRITERIA

R-5.3 DESCRIPTION AND DETAILED ANALYSIS OF REMEDIAL
ALTERNATIVES FOR IR SITE 70

The existing FS evaluated five alternatives for addressing the dissolved-phase plume and
suspected DNAPL area at IR Site 70. These included:

e Alternative 1, no action;

¢ Altemnative 6, hydraulic containment (dissolved plume) and in situ chemical
oxidation treatment (DNAPL area);
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Section R-5 Detailed Analysis of Remedial Alternatives

e Alternative 7, hydraulic containment (dissolved plume) and pump and treat
(DNAPL area);

e Alternative 9, pump and treat (dissolved plume) and in sifu chemical oxidation
treatment {DNAPL area), and :

e Altemnative 10, pump and treat (dissolved plume) and pump and treat
{(DNAPL area)

The RFS evaluates the use of enhanced bioremediation through biostimulation of intrinsic
organisms or bioaugmentation with a stable halorespiring culture.  Enhanced
bioremediation will address the dissolved phase plume through the use of biobarriers that
intercept and treat the contaminant plume. The inferred DNAPL area and corresponding
dissolved phase plume will be treated through a grid of injection wells that cover the
shallow contaminant plume. Alternative 11 will include MNA, groundwater monitoring
as a supportt technology, and institutional controls to prevent humans from being exposed
to contaminated groundwater. The conversion to MNA should be seamless since the
enhanced bioremediation approach is directly compatible with subsequent MNA. The
RFS will document Alternative 11.

e Alternative 11, biostimulation and bioaugmentation through construction of
biobartiets to treat the dissolved plume, and biostimulation and
bicaugmentation to treat the DNAPL area.

5.3.1 Alternative 1 — No Action

5.3.2 Alternative 6 — Hydraulic Containment (Dissolved Plume) and
In Situ Treatment (DNAPL Area)

5.3.2.1 DESCRIPTION OF ALTERNATIVE

5.3.2.2 EVALUATION BY CRITERIA

5.3.3 Alternative 7 — Hydraulic Containment (Dissolved Plume) and
Pump and Treat (DNAPL Area)

5.3.3.1 DESCRIPTION OF ALTERNATIVE

5.3.3.2 EVALUATION BY CRITERIA

5.3.4 Alternative 9 — Pump and Treat (Dissolved Plume) and In Situ
Treatment (DNAPL Area)

5.3.4.1 DESCRIPTION OF ALTERNATIVE
5.3.4.2 EVALUATION BY CRITERIA
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9.3.5 Alternative 10 — Pump and Treat (Dissolved Plume) and Pump
and Treat (DNAPL Area)

5.3.5.1 DESCRIPTION OF ALTERNATIVE
5.3.5.2 EVALUATION BY CRITERIA
R-5.3.6 Alternative 11 — Enhanced Bioremediation

R-5.3.6.1 DESCRIPTION OF ALTERNATIVE

Under Alternative 11, enhanced bioremediation would reduce contaminant levels in the
plume by creating biobarriers that intercept and treat the dissolved phase plume and treat
the source through enhancing the mass removal rate of DNAPLs. A long-term
monitoring progiam, including periodic reviews, would track plume migration and
cleanup progress. A conceptual monitoting well layout is shown in Figure R-5-7.
Institutional controls would restrict use of parcels oveilying the plume so that humans
would not be exposed to contamination. Institutional controls would also preclude taking
actions that would interfere with enhanced bioremediation. To reduce uncertainty and
time to achieve measurable results, bioaugmentation would be implemented as soon as
the addition of electron donor stimulated the indigenous microorganisms to create the
appropriate geochemical conditions under which Dehalococcoides in the KB-1™ culture
are known to grow. Injection of the KB-1™ culture will be through the same wells used
for injection of the electron donor.

The following assumptions pertain to application of this Alternative:

* Bioremediation in the subsurface at IR Site 70 will reduce contaminant
dissolved phase concentrations and meet RAOs;

* Bioremediation will enhance the dissolution rate of free-phase DNAPL,;

* Biodegradation rates will be sufficiently fast to meet remedial action objectives
at the downgradient edge of the source areas and biobarriers;

¢ Contaminant migration in the upper and lower sand is predominantly horizontal;

* Reduction of the contamination in the shallow aquifer would reduce the threat
to the deeper aquifer;

¢ The existing data from previous investigations accurately reflects the site
groundwater and soil conditions, such as permeability, composition, hydraulic
conductivity, vertical and horizontal groundwater gradients, and velocities; and

* Groundwater monitoring will adequately determine the effectiveness of the
biobarrier and source treatment systems,
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Alternative 11 treatment components are based on the existing data from previous
investigations. The spacing of injection well points and biobarrier treatment zones are
based on data from the RI (BNL, 1999). Treatability tests will determine the final
treatment elements including the rate of natural attenuation, the achievable distribution of
electron donor and required well spacing, and other elements to the enhanced
bioremediation approach. The projected effectiveness of Alternative 11 is based on
results observed at IR Site 40, other Southern California sites, and test projects at other
federal facilities.

Demonstrations of the enhanced bioremediation of chlorinated DNAPL and dissolved
phase plumes have been completed under the U. S. EPA Superfund Innovative
Technology Evaluation program. Test results from Launch Complex 34 (LC 34) at Cape
Canaveral indicate TCE mass removal in excess of 985 percent. SITE results are
documented in Demonstration of Biodegradation of DNAPL Through Bioaugmentation
at Launch Complex 34 in Cape Canaveral Air Force Station, Florida (EPA, 2004). A
summary of these results indicate that TCE concentrations in excess of 8,000 mg/kg were
reduced to less than 10 mg/kg over a 12 month period. The bioaugmentation results
from the LC 34 study indicate that TCE, cis-DCE, and VC ate converted to ethene within
3 to 4 months.

The enhanced treatment approach for the DNAPL area will consist of a grid of injection
wells that cover the source area (Figure R-5-12) These wells will be constructed so that
injections can be made at future dates as needed. Bioaugmentation and subsequent
monitoting is the same as for the biobarriers. Monitoring data will be used to determine
the need for additional electron donor injections, growth and dispersion of
Dehalococcoides, and groundwater quality. The start up monitoring program will be at a
more frequent rate to identify the dechlorination rate and to demonstrate the complete
dechlorination to ethenes within the target timeframe.

Based on existing data, the conceptual approach to implement the biobarriers within the
dissolved plume include the use of multiple well points that will transect the plume at
selected locations. Figure R-5-13 provides a conceptual model of the biobarriers within
the upper sand. FigureR-5-14 provides a conceptual model of the distribution of
biobarriers within the lower sand. A plan view of the system layout is provided in Figure
R-5-15. These transects will consist of individual well points that will allow multiple
dosing of EVO on an as needed basis. Final spacing of the well points will be determined
based on design investigation results. Addition of the EVO will create a reduced
environment conducive to microbial growth. Once the appropriate geochemical
conditions that support the growth and activity of Dehalococcoides are established, the
biobarriers will be inoculated with KB-1™, Dispersion of the KB-1"™ will be monitored
along with electron donor and contaminant concentrations (see Table R-5-19).
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RFS/GeoSyntec Consultants
NA47408-04-C-7528
Date; 08/25/05

Section R-5 Detailed Analysis of Remedial Alternatives

Table R-5-19

In Situ Treatment Verification Requirements for Alternative 11

IR Site 70

Type of Monitoring Data

Monitoring Locations

Purpose/Use of Data

Water levels

VOC concentrations in the aquifer

Aquifer parameters, including pH,
temperature, conductivity, ORP,
dissolved oxygen and gases

Electron donor distribution
(EVO)

Water quality parameters,
including TDS, cations, anions,

Monitoring wells throughout and
around the IR Site 70 DNAPL
area and upgradient and down
gradient of the biobarriers

Monitoring wells throughout and
around the IR Site 70 DNAPL
area and dissolved plume
biobarriers

Monitoring wells throughout and
around the IR Site 70 DNAPL
area and dissolved phase plume
Monitoring wells throughout and
around the IR Site 70 DNAPL
area and biobarriers

Monitoring wells throughout and
around the IR Site 70 DNAPL
area and biobarriers

Prepare potentiometric surface maps
and hydrographs

Determine horizontal and vertical
hydraulic gradients, and extent of
seasonal variations

Monitor contaminant distribution

Confirm remediation of plume and
assess progress toward cleanup goals.

Estimate remaining contaminant mass
Detect microorganism distribution
Support data for assessment of process
efficiency and effect of treatment on the
aquifer.

Assure that sufficient electron donor
concentrations remain to maintain
microbial action.

Monitor buffering capacity of the
aquifer, effect of treatment on aquifer
chemistry.

alkalinity, metals

Acronyms/Abbreviations:

DNAPL - dense nonagueous-phase liquid

IR — installation Restoration (Program)

VOC - volatile organic compound

ORP - oxidation reduction potential

TDS — total dissolved solids
Groundwater monitoring will be conducted to evaluate the effectiveness of each step of
the enhanced bioremediation To accomplish this, monitoring wells will be constructed
and subsequently sampled within the biobarrier tieatment zone and immediately up and
downgradient of the biobarriers. These sample data will be used to verify the

effectiveness of the enhanced bioremediation approach.

Microcosm studies, which will be completed in the remedial design investigation, will
provide data on the removal efficiency under enhanced bioremediation and natural
attenuation conditions. Modeling resuits are provided in Appendix R-E. These results
are based on the observations from demonstrations and field tests. The modeling results
indicate significant mass removal from the plume within the biobamrier. In addition,
natural attenuation processes will occur downgradient and between the biobarriers further
reducing the COC to meet RAOs. As described in Appendix R-E, there are uncertainties
in the modeling analysis, particularly in the estimate of natural attenuation rates, and the
results should be interpreted based on the comparative effectiveness among the
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Section R-5 Detailed Analysis of Remedial Alternatives

alternatives rather than on the absolute cleanup timeframes, which could vary
significantly.

Biannual monitoring would involve collecting and analyzing groundwater samples from
wells within and along the downgradient migration pathways of the plume (Appendix R-
C). Six existing monitoring wells would be utilized, and an additional five monitoring
wells would be installed initially (Table R-5-20, Figure R-5-15). Additional monitoring
wells will be added based on the number of biobairiers installed Groundwater levels
would be measured in new and existing wells to confirm groundwater flow patterns and
vertical gradients. Monitoring will be performed to track the plume over time and
identity that dechlorination is occurzing at rates sufficient to attain RAOs and within the
timeframe predicted by groundwater modeling (Appendix R-E2). A long-term
remediation monitoring plan (RMP) would document the actual monitoring program and
contain a contingency plan triggering actions to manage any future expansion of the
plume per US. EPA guidance (U.S. EPA 1998, 1999). Additional well installation to
track changes in the extent of the plume are included as part of this alternative (Appendix
R-D). The cost of additional wells is incorporated into the long-term monitoring costs.

Monitoring data would be used for periodic reviews every yeat to assess plume migration,
dechlorination activity, to evaluate the extent of microbial migration, and the adequacy of
the remedial action to meet RAOs. Reviews would be documented in a summary report
issued to appropriate regulatory agencies. These reports may suggest modifications to the
cleanup program as needed.

Institutional Controls

In addition to preventing exposure under future land uses, the institutional controls would
protect existing monitoring wells and grant access for sampling, installing new
monitoring wells, and implementing any additional remedial measures needed in the
future. Because off-base migration is not likely, institutional controls on off-base
property would not be necessary.

It is assumed that the DON would retain administrative control of the site and the
institutional controls would be in effect until monitoring data shows contamination levels
below remediation goals.

Final GW RFS Report IR Site 70, NAVWPNSTA Seal Beach, SB page R-5-15
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Section R-5 Detailed Analysis of Remedial Alternatives

Table R-5-20

Proposed Performance Monitoring Requirements for Alternative 11

IR Site 70

Type of Monitoring Data

Monitoring Locations

Purpose/Use of Data

Water levels

Field parameters

Volatile fatty acids (lactate,
propionate, formate, butyrate,
hexanoate)

Dissolved metals (iron,
manganese, arsenic, etc )

Anions (sulfate, chlotide,
nitrate, phosphate, sulfide,
nitrite)

Dissolved Hydrocarbon
Gases (methane, ethane,
cthene)

Biochemical oxygen demand
(BOD) and total organic
carbon (TOC)

DHE PCR

VOC concentrations in the
aquifer

VOC concentrations in
extracted groundwater

VOC concentrations in
reinjected water-EVO
mixture

Flow rates

Other operational parameters
(e.g., waterline pressures}

Monitoring wells along downgradient
perimeters, within the plume, down
gradient of biobartiers, within
biobarriers and DNAPL area and in
upgradient areas

Monitoring wells throughout and
around the IR Site 70 vicinity plume

Monitoring weils throughout and
around the IR Site 70 vicinity plume

Select monitoring wells throughout
and around the IR Site 70 vicinity
plume

Monitoring wells thronghout and
around the IR Site 70 vicinity plume

Monitoring wells throughout and
around the IR Site 70 vicinity plume

Monitoring wells throughout and
around the IR Site 70 vicinity plume

Select monitoring wells throughout
and around the IR Site 70 vicinity
plume

Monitoring wells throughout and
around the IR Site 70 vicinity plume

Extraction wells for mixing with EVO
and bicaugmentation culture

Effluent lines from mixing unit at
cach treatment arca (source areca and
biobarrier)

Extraction wells and injection wells

Various locations

Prepare potentiometric surface maps.

Determine horizontal and vertical hydraulic
gradients

Identify potential barriers to flow.
Quantify impact of seasonal variations

Confirm dechlorination and anaerobic
conditions.

Confitm continning presence of oil.

Monitor secondary groundwater impacts to
groundwater quality.

Monitor for presence of competing electron
acceptors and to confirm dechlorination
activity (chloride production)

Confirm dechlorination sequence to non-
toxic end products and gather data to define
mass balance for remedial zones

Confirm continuing presence of oil

Monitor bioremediation culture disttibution
and continuing viability.

Confirm dechlorination sequence, gather data
to define mass balance for remedial zones

Monitor concentrations within treatment
zones. Provide water quality data for water
discharge requirements (WDR) monitoring
Tequirements.

Demonstiate substantive compliance with the
WDR

Confirm that extraction and reinjection rates
are compatible, identify potential biofouling
issues

As needed to assess proper operation o1
incipient failure of pumps and filters.

Acronyms/Abbreviations:

IR - Instaliation Restoration {Program}
EVO - Emulsified Vegetable Oil

WDR — Waste Discharge Requirements
VOC — Volatile Organic Compound
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Section R-5 Detailed Analysis of Remedial Alternatives

R-5.3.6.2 EVALUATION BY CRITERIA

Evaluation of Alternative 11 by threshold and balancing ciiteria follows.

Overall Protection of Human Health and the Environment

Alternative 11 is considered protective of human health and the environment. This
alternative is expected to achieve remediation goals. The time to achieve those goals will
be related to the microbial degradation rate that is achieved within the source and
dissolved phase plumes. The target remediation time is 15 years to reach RAOs. MNA
rates will be monitored after the enhanced bioremediation is discontinued. In the interim,
institutional controls would prevent exposure to contaminated groundwater Long-term
groundwater monitoring and periodic reviews would track potential plume migration,
microbial distribution, dechlorination rates, and provide information to support any future
remedial actions needed.

The DON’s current administrative controls prevent exposure to the contaminated
groundwater, which is considered unsuitable for consumption. In the event of future
changes in ownership, institutional controls would prevent exposures.

Compliance with ARARs

Alternative 11 is expected to meet chemical-specific, location-specific, and "action-
specific ARARs. The remedial action will monitor the establishment of the halorespiring
microorganisms throughout the treatment areas. The timefiame required to attain the
RAOs will be evaluated, and treatment modifications will be initiated if they are needed
to meet the cleanup schedule. In the interim, institutional controls would prevent
inadvertent exposure to contaminated groundwater.

Soil cuttings and well development water generated during the installation of monitoring
wells for Alternative 11 would be subject to RCRA requirements to determine whether
such wastes should be classified as hazardous. This determination would be made at the
time the waste is generated. The appropriate management requirements for storing,
manifesting, and transporting this material for final disposal would be followed if the soil
cuttings or well development water are found to be RCRA or non-RCRA hazardous
waste.

Long-Term Effectiveness and Permanence

Alternative 11 provides long-term effectiveness and permanence compared to the other
alternatives. The microbial dechlorination is effective against sorbed and {ree-phase
COCs. This alternative will result in the removal of residual and dissolved-phase
constituents, and any remaining residuals will be {urther removed through MNA
processes. Furthermore, until MNA finishes the removal of residual contaminants in
groundwater, administrative controls such as institutional controls, will be used to prevent
exposure to groundwater that is above RAO. Institutional controls would prevent future

Final GW RFS Report IR Site 70, NAVWFPNSTA Seal Beach, SB page R-5-17
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Section R-5 Detailed Analysis of Remedial Alternatives

human exposures. The long-term effectiveness of these measures would depend on their
continued enforcement.

Institutional controls have been routinely implemented at hazardous waste release sites in
the United States. These activities are expected to be reliable in minimizing future health
risks associated with the contaminated plume.

The passive nature of Alternative 11 provides this alternative with adequate and reliable
controls over long timeframes without replacing the technical components of the remedy.
The in situ destruction of the contaminants prevents the need to dispose of and manage
residuals, and the MNA remedy will continue to actively remove o1 contain contaminants.
Parsons (1998) has shown that natural biodegradation processes are actively affecting the
plume as modeled site data indicates that the plume is shrinking, stable, or growing at a
rate slower than predicted solely on advective transport of the COCs.

A possible limitation on the long-term effectiveness of Alternative 11, although very
unlikely, is the potential need for future remedial actions resulting from plume migration.
It is unlikely that the plume would migrate off base. However, monitoring and periodic
reviews would be used to evaluate potential off-base migiation, along with any needed
additional remedial action.

Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative 11 would reduce the volume, mobility, and toxicity of VOCs through
microbial dechlorination to non-toxic end-products.  Production of more toxic
intermediates will be extremely short relative to the entire duration of the remedy and will
be substantially reduced by bioaugmentation to rapidly establish the population density of
Dehalococcoides required to ensure the rapid conversion of these intermediates to non-
toxic ethene The enhanced bioremediation is expected to destroy the DNAPL and
dissolved phase components of the plume In addition, as the VOCs are dechlorinated to
ethenes, the toxicity is significantly reduced The mobility of the end products may not
be significantly altered under this approach; however, the dechlorination process and rates
will contain and reduce the apparent mobility of the parent and degradation products.
Possible secondary water quality impacts could be observed, such as increases in
dissolved metals (such as iron), biological oxygen demand, and methane. However, these
parameters will be removed downgradient from the biological active zones due to natural
processes.

Short-Term Effectiveness

The short-term impacts will be minimal because the remedy is in situ and passive. The
major short term impact will be the drilling and injection phase of the project. During
drilling, potential exposure to contaminated drilling mud, soils, and groundwater will be
likely. Mitigation measures will be developed within the site Work Plan and Health and
Safety Plan. Contaminated materials from the drilling phase will be segregated and
disposed of through appropriate methods. On-site construction activities for Alternative
11 would be limited to the installation of groundwater injection and monitoring wells and

page R-5-18 Final GW RFS Report IR Site 70, NAVWPNSTA Seal Beach, SB

Crtwbifinal AFS\2005-RFS5-Sac-05-25-08-05 doc



RFS/GeoSyntec Consultants
NA47408-04-C-7526
Date: 08/25/05

Section B-5 Detailed Analysis of Remedial Alternatives

possible temporary piping layouts between the well heads and the mixing units. The
initial on-site well drilling and development activities would take approximately 6
months. To minimize risks to workers and the community, a site-specific health and
safety plan and remedial action work plan would be implemented. These plans would
provide for personnel protection, soil and drilling mud containment, and air monitoring.
If required, off-site disposal of contaminated drilling materials will be implemented.

The remedial evaluation monitoring plan will be incorporated within the Remedial
Design submittal. The groundwater monitoring program at the site will include plans for
handling and disposing of contaminated groundwater (possibly through reinjection into
the biobarriers). By following the proposed site specific health and safety plan and work
plan, the potential for human or ecological exposure should continue to be negligible.

Workers could be exposed to various amendments such as EVO, inorganic nutrients (e.g.,
salts of nitrate, ammonia, phosphate), and KB-1™ amendments. EVO is composed of
food-grade compounds, KB-1™ is certified pathogen-free, and the microorganisms are
suspended in a mineral salts media. None of the amendments are inherently hazardous,
but standard protective measures will be used to prevent exposure (skin, eyes, ingestion,
and inhalation). During the implementation of this alternative, there is the potential for
exposure 1o site groundwater. Groundwater from the intermediate zone will be pumped
to provide the site water for mixing and injection of amendments. This extraction,
injection, and mixing will be conducted with appropriate apparatus that will reduce or
eliminate the handling or exposure to groundwater and amendments. All of the tanks,
piping, pumps, and valves, and amendments will be within a containment area to provide
protection from spills, leaks, and component failure.

The time to achieve cleanup goals is estimated to be reasonable (substantially within a
typical 15-year project life), with the majority of the plume mass degraded within 8 years
(Appendix R-E) for the conceptual design shown in Figures R-5-12, R-5-13, and R-5-14.
Source removal is estimated to occur within 15 years (actual clean up time of the source
will depend on DNAPL mass present and its distribution as pools or residuals). A larger
biobartier spacing may result in a lower remedial cost but longer remediation times.
Preliminary cost optimization of the biobartier spacing indicates that a lower cost may be
achieved by using biobarriers placed only at the plume toe (NPV cost changes from
$14,663,000 to $12,914,000); however, plume remediation duration increases from up to
8 years to up to 18 years (Appendix R-E). Treatment cost and duration is also sensitive to
the rate of natural attenuation within the plume, with a factor of two increase in the
natural attenuation half-life resulting in a 12% increase in costs and increased duzation
from up to 8 years to up to 18 years (Appendix R-E). Optimization of the remedial
design will be performed during the design phase after natural attenuation rates are better
characterized to balance treatment duration and costs; therefore, actual remedial time may
be greater or less than the preliminary 8 and 15 years estimates.
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Section R-5 Detailed Analysis of Remedial Alternatives

Implementability

Cost

Alternative 11 is readily implemented by using conventional and commercially available
materials and construction techniques. Drilling methods such as hollow-stem auger and
mud rotary have been proven at the site. Standard monitoring wells are applicable for
performance assessment of the alternative. The equipment and materials for the injection
process are proven, reliable, and straightforward in their operation. Installation will
require clearance and woik in areas where structures, utilities, and access issues exist.
The monitoring and injection wells would be located for ceasy access and minirnal impact
on future land uses and adjacent industrial properties, but within the constraints required
to meet the monitoring and performance requirements of the remedy. Utility clearance
will be conducted prior to drilling.

The DON would continue to control land use. If ownership changes, this alternative
would necessitate coordination with state and local agencies to administer institutional
controls. However, administiative complications would be unlikely.

The net present value for Alternative 11 would be approximately $14,663,000 (Table R-
5-21) This estimate is solely for comparing alternatives in this RFS; it should not be
used for budgetary or planning purposes.

The major components of this cost estimate include the remedial investigation design,
drilling and well construction, monitoting wells, analytical, microbial culture, and
electron donor costs. The labor to complete this task and to provide 15 years of operation
and maintenance, monitoring, and evaluation are defined in more detail in Appendix R-D.
Recurring costs such as groundwater monitoring and electron donor are similar for
similar type of remedial approaches.
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Table R-5-21

Cost Estimate Summary — IR Site 70
Alternative 11 — Bioaugmented Biobarriers (Dissolved Plume) and
Biostimulation with Bicaugmentation (DNAPL Area)

Description Cost
Capital Costs
Groundwater monitoring wells (installation of 42 wells) $166,000
0il amendment injection wells {installation of 212 wells) $1,097,000
Temporary oil injection equipment $100,000
Professional labor (includes Proposed Plan, Record of Decision, Remedial Action Plan, workplan, $2,162,000
design and startup, well instailation oversight)
Site characterization and laboratory treatability study $800,000
Total capital costs (based on January 2005 dollars, including profit and overhead) $4,325,000
0O&M Costs
il emulsion (15 year supply) $4,199,000
Qil injection labor (15 years) $574,000
Monitoring (includes 20% QA/QC, sampling, analysis, mobilization and labor) $2,003,000
Gene-Itac analysis $108,000
KB-1™ $602,000
Annual Professional Costs (five year reviews, annual reporting, field progiam start-up and 3,865,000
management)
Total O&M Costs (including 2.5% inflation per annum) $11,351,000
Subtotal $15,676,000
Total (including 20% contingency) $18,810,000
NET PRESENT VALUE (based on January 2005 doliars) $14,663,000
Final GW RFS Report [R Site 70, NAVWPNSTA Seal Beach, SB page R-5-21
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Section R-6
COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

The RFS compares Alternative 11 with the alternatives from the original FS. With the addition
of the new alternative evaluated in the revised Section 3, the current 6 alternatives under review
provide a wide range of options for remediation of the VOC-contaminated groundwater
associated with IR Site 70. As discussed in Section R-4.1, these alternatives were developed
after consideration of the requirements of the NCP and U.S. EPA technical guidance (U.S. EPA
1988), the statutory preferences listed in CERCLA Section 121(b), and RAOs (Section R-2).

This section compares the relative peiformance of the remedial alternatives considered in this
RFS and the original FS against the NCP evaluation criteria (Section R-5.1). This comparative
analysis distinguishes the advantages and disadvantages of each alternative and identifies key
trade-offs the DON must consider when selecting a cleanup remedy. When selecting a final
remedy under CERCLA, the NCP criteria are evaluated according to the following hierarchy per
40 CFR 300.430(f):
* Threshold criteria:
- Qverall protection of human health and the environment
— Compliance with ARARs
® Primary balancing criteria:
-~ Long-term effectiveness and permanence
— Reduction of toxicity, mobility, or volume through treatment
—  Short-term effectiveness
—  Implementability
— Cost- effectiveness
¢ Modifying criteria:
— State acceptance

—  Community acceptance

CERCILA Section 121(d) and the NCP at 40 CFR 300.430(f)(1)(ii) require that a cleanup remedy
must protect human health and the environment and comply with ARARs, unless justification to
waive a specific ARAR is provided in the ROD. In other words, both threshold criteria must be
satisfied for a remedial alternative to be eligible for selection, unless an ARARs waiver applies.

Therefore, the trade-offs among eligible alternatives will generally be in the areas addressed by
the five primary balancing criteria and the two modifying criteria. The following subsections
address the primary balancing criteria only. To facilitate the discussion, these five criteria are
evaluated and compared in the same order as in the detailed analysis of alternatives for IR Site 70
presented in Sections 52 through 5.3, respectively. As noted in Section 5, the two modifying
criteria (state acceptance and community acceptance) are briefly addressed in this section.
DON’s more extensive evaluation of these modifying criteria will be documented in the ROD,
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Section R-6 Comparative Analysis of Remedial Alternatives -

once formal comments have been received on this RFS and the new proposed plan and a final
remedy selection decision is made.

6.1 COMPARATIVE ANALYSIS OF ALTERNATIVES FOR IR SITE 40
6.1.1 Overall Protection of Human Health and the Environment

6.1.2 Compliance with ARARs

6.1.3 Long-Term Effectiveness and Permanence

6.1.4 Reduction of Toxicity, Mobility, or Volume through
Treatment

6.1.5 Short-Term Effectiveness
6.1.6 Implementability

6.1.7 Cost Effectiveness

6.1.8 State Acceptance

6.1.9 Community Acceptance
6.1.10 Conclusions

R-6.2 COMPARATIVE ANALYSIS OF THE REVISED ALTERNATIVES
FOR IR SITE 70

This section provides a revised comparative analysis of IR Site 70 remed:al alternatives
(Table R-6-3).

R-6.2.1 Overall Protection of Human Health and the Environment

The no action alternative would not be fully protective of human health and the
environment. Each of the other retained alternatives meets the threshold criteria of
overall protection of human health and the environment.

R-6.2.2 Compliance With ARARs

ARARs are not applicable to Alternative 1. Each of the other retained alternatives meets
the threshold ciiteria of compliance with ARARs. However, special provisions may be
applicable for the DNAPL area. A “containment zone” approach per 23 CCR Division 3,
Chapter 22 §2911 may be necessary. This containment zone can be created through
hydraulic and/or reactive barriers to migration.
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Table R-6-3
Comparative Analysis of Alternatives by Balancing Criteria

IR Site 70

Alternative*

Long-Term Effectiveness and Permanence

Reduction of Toxicity, Mobility, or Volume
Through Treatment

Shoxrt-Term Effectiveness

Implementability

Cost-Effectiveness

Summary of Criteria

Alternative 1 — No
Action

Alternative 6 -
Hydraulic Containment
(dissolved plume) and In
Sttu Treatment (DNAPL
area)

Alternative 7 —
Hydraulic Containment
(dissolved plume) and
Pump and Treat
(DNAPL area)

Alternative 9 — Pump
and Treat (dissolved
plume) and In Situ
Treatment {DNAPL
area)

Alternative 10 - Pump
and Treat (dissolved
plume) and Pump and
Treat (DNAPL area)

Impact of a temedial alternative in the long term,
defined as the time after RAOs are met. Consider
magnitude of residual risk at the completion of
remedial activities; type, degree and adequacy of
long-term management from contaminants
remaining on-site; long-term reliability of
engineering/institutional controls; potential need to
replace components and continuing need for
repair/maintenance.

Low

Under this alternative, there would be no method of
assessing long-term effectiveness and permanence.

Moderately High

In situ chemical oxidation {(ISCO) is a very
aggressive form of treatment and should result in
lower residual risks in the DNAPL area.
Containment of the dissolved phase is a very slow
process with mixed resuits

Low

Pump and treat has not been shown as a viable
freatment alternative for DNAPL  Hydraulic
containment of the dissolved phase plume requires
an extensive time period.

Moderately High

Chemical oxidation is a very aggressive form of
treatment and should result in lower residual risks
in the DNAPL area. The long term pump and treat
of the dissolved phase plume is slow and
significantly impacts the aquifer (IDS).

Mediom

This alternative relies on pump and treat and MNA
to complete the remediation of residual
contamination in the DNAPL area, which may be
in the form of contaminants sorbed to the aguifer
substrate.

CERCLA preference for technologies that
permanently and significantly reduce the
toxicity, mobility, o1 volume of hazardous
substances. Consider treatment processes
used; amount of hazardous material to be
treated; degree of expected reduction in
toxicity, mobility, or volume; degree to which
treatrent is irreversible; and type and quantity
of treatment residuals.

Low

No active treatment is performed and no
means are available to monitor natural
attenuation processes

Medium

Modeling indicates 1,100 Ib dissolved/sorbed
T'CE removed within the first year by in situ
chemical oxidation treatment and 1,800 lb
removed by pumping in 30 years. Potential
impacts due to pumping of the aquifer (i e.
TDS, salt water intrusion).

Low

Modeling indicates 2,300 Ib dissolved/sorbed
TCE removed by pumping in 30 years. Pump
and treat ineffective on DNAPL . Expect
significant impacts to aquifer from pumping
Moderately High

Modeling indicates 1,100 Ib dissolved/sorbed
TCE removed within the first year by ISCO
treatment and 1,900 Ib removed by pumping
in 10 years Expect significant impacts to
aguifer from pumping.

Medium

Modeling indicates 2,400 lb dissolved/sorbed
TCE removed by pumping in 10 years.
Expect significant impact to aquifer from salt
water intrusion which will impact treatment
costs due to fouling.

How an alternative affects human health and
the environment from planning until RAOs
are achieved. Consider short-term risks to
community; potential impacts on workers
during construction and O&M; potential
environmental impacts of the action; and
amount of time required before RAOs are
achieved (i.e , the duration of the short
termy).

Low

Natural attenuation processes would not be
effective in the short term.

Mediom

Groundwater modeling indicates RAQOs may
be achievable within 50 years.

Low

Groundwater modeling resulis indicate
RAOs are not achieved within 50 years.

Medium

Groundwater modeling indicates RAOs may
be achievable within 50 years. Aggressive
pumping of the dissoived plume makes
MNA in this portion of the plume viable
within 15 years. High risks to site workers
and facility with ISCO components

Low

Groundwater modeling results indicate
RAQs are not achieved within 50 years in
all areas.

Technical and administrative feasibility.
Consider technical feasibility, including
constructability; operational reliability; ability
to take alternative remedial actions in the
future; ability to monitor effectiveness
Consider ability to obtain governmental
approvals. Consider availability of services
and materials, including time needed to
develop new o1 innovative technoiogies under
consideration.

High

Easy to implement

Low

Design of chemical oxidation will require
bench- and pilot-scale testing. Buffering
capacity and TDS of aquifer may interfere with
process Potential for vigorous chemical
reactions exists.

Medium

Demonstrated technology; however, must be
carefully designed to minimize disruption to
active base operations. Irenching around
utilities may be necessary.

Low

Design of chemical oxidation will require
bench- and pilot-scale testing Buffering
capacity and TDS of aquifer may interfere with
process. Potential for vigorous chemical
reactions exists. Large volume of pumped
groundwater to handle and pipe.

Medium
Demonstrated technology; however, must be
carefully designed to minimize distuption to
active maintenance operation. Irenching
around utilities may be necessary.

Per the NCP, a remedy is cost-effective
if its costs are proportional o its
effectiveness. Consider capital cost,
including both direct and indirect cost,
O&M costs, and net present value of
capital and O&M costs.

Medium

Low cost, but not effective

Moderately Low

Capital costs are high; however,
permanent destruction of VOCs in
DNAPL area would provide low cost in
proportion to effectiveness.

Medium

Low capital costs, but cost in
proportion to effectiveness may be
questionable

Moderately High

Capital costs are high; however,
permanent destruction of VOCs in
DNAPL area would provide low cost in
proportion to effectiveness.

Low

Low capital costs, but cost in
proportion to effectiveness may be
questionable.
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Table R-6-3 (continued)
Comparative Analysis of Aternatives by Balancing Criteria

IR Site 70

Alternative* Long-Term Effectiveness and Permanence Reduction 0,:.1’11; f;ﬁ;l}:yf?g:g::z’ or Volume Short-Term Effectiveness Implementability Cost-Effectiveness
Alternative 11 - High High High Medium High
Biobarriers (dissolved Enhanced bioremediation is a very aggressive form  Testing under the EPA SITE program has Groundwater modeling indicates RAOs may  Innovative technical application will require Lowest total costs, but high capital
pl.umc_a) and_ of treatment that has been shown effective in demonstrated DNAPL destruction of up to be achievable within 15 years. Enhanced some ireatability studies. Require a large costs for injection points Highest net
Biostimulation — treating both DNAPL and dissolved phase plumes,  98% of the mass within one year using bioremediation is immediately compatible ~ number of injection well points. Possible present value costs reflect
Bioaugmentation while allowing subsequent MNA bioaugmentation with KB-1™. Dissolved with MNA  Site workers exposed to biofouling and groundwater flow issues may implementation costs. Permanent
(DNAPL area) phase COC destruction has been shown t00. minimal hazards. impact the implementation and operation. destruction of COC's in both DNAPL
and dissolved phase plume a plus.
Costs for converting to MNA after
purnp and treat has not been included in
the current costs for pump and treat.
Comments All the alternatives (except No. 1 and 11} rely on An estimated 3,300 Ib of dissolved/sorbed The enhanced bioremediation approachisa  Enhanced bioremediation does not require Alternatives involving pump and treat
pumping to remove contamination in the dissolved = TCE is present, and unknown quantities of low energy but highly effective method to significant impacts to the site or large above of the DNAPL area may need to be
plume which may impact the aquifer (salt water DNAPL may also be present. Chemical dechlorinate the site that does not pose short  ground treatment systems (piping, containment, operated beyond the assumed 50-yeat
intrusion). All remedial actions rely on MNA to oxidation of the DNAPL area rates are higher  term risks to the community, workers, the etc.) The alternatives which involve pumping project life, increasing O&M costs.
some extent to achieve RAOs, yet ISCO may not than pump and treat for the DNAPL area, and  environment, and the site facilities. None of for contaminant mass removal and/or hydraulic  Alternatives implementing significant
be compatible with MNA. At the completion of aggressive pump and treat rates are higher the alternatives poses short-term risks to the ~ containment are demonstrated technology (but  pumping for containment ot treatment
MNA, there should be little need for ongoing than hydraulic containment for the dissolved community or differs in terms of extremely long duration). Implementability for may also require significant cost growth
institutional controls. When RAOs are achieved, it plume under this criterion Enhanced environmental impacts. Chemical oxidation alternatives with chemical oxidation and for a pretreatment phase if salt water
is anticipated that no further bioremediation has been shown to destroy poses some short term worker 1isk but bioremediation are rated lower because of the intrusion impacts the carbon treatment
monitoring/maintenance would be needed both sorbed and dissolved phase COC’s. would reduce risks to O&M workers by need to conduct bench- and pilot-scale testing.  efficiency
reducing duration Pump and treat poses Cherical oxidation also has the potential for
significant risk to the aquifer due to salt chemical interferences and a complicated (and
water intrusion. reactive) reagent delivery system.
Note:

* MNA and institutional controls are included in all aiternatives except Alternative 1 {no action)

Acronyms/Abhreviations:

CERCLA — Comprehensive Environmental Respanse, Compensation, and Liability Act
DNAPL — dense nonagueous-phase liquid
IR — Installation Restoration {Program)

b — pound

MNA — monitored natural attenuation

NCP — National Qil and Hazardous Substances Pollution Contingency Flan
O&M — operation and maintenance

RAO — remedial action objective

TCE —trichloroethene

TDS — total dissolved sclids

VOC - volatile organic compound
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Section R-6 Comparative Analysis of Remedial Alternatives

R-6.2.3 Long-Term Effectiveness and Permanence

Long-term effectiveness and permanence evaluates the magnitude of the residual risk to
human and environmental receptors from remaining COC-impacted groundwater
contaminants at the completion of remedial activities. The alternatives that merely
contain the DNAPL area, rather than afford active treatment generally rate lower, because
residual contamination may be left upon completion of remedial activities, requiring
long-term management and monitoring.

Alternative 11 rates high in long-term effectiveness and permanence. The enhanced
bioremediation of the DNAPL and dissolved phase plume is expected to permanently
destroy a significant mass of contamination. Enhanced bioremediation is capable of
dechlorinating sorbed and free-phase components of the plume. In addition, the enhanced
bioremediation will inoculate the aquifer and provide enhanced natural attenuation at the
end of the active treatment phase. Because the enhanced bioremediation approach is
compatible with and synezgistic to monitored natural attenuation, the transition from the
active treatment phase is seamless and requires no additional steps. Demonstrations
indicate that the enhanced bioremediation can effectively dechlorinate the DNAPL source
and the dissolved phase plume Because the enhanced bioremediation will not require
significant pumping of the aquifer there will be less likelihood of secondary impacts such
as salt water intrusion  The enhanced bioremediation is anticipated to achieve these
results in a reasonable timeframe (15 years).

Alternatives 6 and 9 rate moderately high in long-term effectiveness and permanence.
Alternative 6 and 9 provide for chemical oxidation of the DNAPL area, which is expected
to permanently destroy a significant mass of contamination and greatly reduce the
potential for a continuing source of contamination to the surrounding dissolved plume
Operation of the hydraulic containment and pump and treat systems in the dissolved
plume would prevent further migration toward existing water supply points of use. The
long term pumping impacts to the aquifer will potentially increase salt water intrusion
within the treatment area. The combined approach of chemical oxidation of the DNAPL
area and extiaction of the dissolved plume is anticipated to lower contaminant levels
within the plume such that MNA can proceed within a reasonable timeframe (50 years)

Alternatives 7 and 10 rate medium in long-term effectiveness and permanence. These
alternatives would achieve contaminant mass removal in the dissolved plume, but
continued containment of the DNAPL area would be necessary to prevent the source area
from continuing to act as a source for dissolved contamination

Alternative 1 rates low in long-term effectiveness and permanence because there would
be no remedial activities, no verification of natural attenuation processes, and no
monitoring of plume migration patterns to demonstrate protectiveness.
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Section R-6 Comparative Analysis of Remedial Alternatives

R-6.2.4 Reduction of Toxicity, Mobility, or Volume Through

Treatment
Alternative 11 rates high in reduction of toxicity, mobility, o1 volume through effective
dechlorination using enhanced bioremediation Through biostimulation and

bicaugmentation of the DNAPL (source area), the mass of contaminants will be reduced
and the chlorinated compounds will be reduced to ethenes, a non-toxic end product. Thus
the quantity and toxicity of the source area and dissolved phase plumes will be reduced
through the enhanced bioremediation treatment. The mobility of contaminants may be
altered by the biobarriers but the intent of the remedial design is to allow existing
groundwater flow to continue and provide the mechanism for moving contaminants
through the treatment stages. MNA will continue to reduce the mass and toxicity of
residual contaminants left after the enhanced bioremediation period.

Alternative 9 rates moderately high in reduction of toxicity, mobility, or volume through
treatment. Chemical oxidation of the DNAPL area would permanently destroy a
significant mass of contamination and greatly reduce the potential for a continuing source
of contamination to the surrounding dissolved plume. Pump and treat of the dissolved
plume would remove significant contaminant mass, which should ultimately be destroyed
through off-site thermal carbon regeneration. The proximity of the salt water intrusion
boundary to the site creates a potential negative impact due to the extraction of
groundwater by pump and treat. This potential increase in total dissolved solids due to
salt water intrusion may increase the contaminants within the groundwater, thus
increasing the toxicity. MNA would further reduce contaminant mass and volume.

Alternative 6 rates medium in reduction of toxicity, mobility, or volume through
treatment. Chemical oxidation of the DNAPL area would permanently destroy a
significant mass of contamination and greatly reduce the potential for a continuing source
of contamination to the surrounding dissolved plume. Contamination would migrate
toward the containment system, where it would be removed and permanently destroyed
through off-site thermal carbon regeneration. MNA would further reduce contaminant
mass and volume.

Alternative 10 rates medium in reduction of toxicity, mobility, or volume through
treatment. Alternative 10 would achieve aggressive contaminant mass removal in the
dissolved plume. The containment system for the DNAPL area would also accomplish
mass removal of dissolved-phase contamination. Contaminants would be removed and
permanently destroyed through off-site thermal carbon regeneration. MNA would further
reduce contaminant mass and volume.

Alternative 7 rates low in reduction of toxicity, mobility, or volume through treatment
Alternative 7 would achicve contaminant mass removal in the dissolved plume as
contamination migrates toward the containment system. The containment system for the
DNAPL area would also accomplish mass removal of dissolved-phase contamination.
Contaminants would be removed and permanently destroyed through off-site thermal
carbon regeneration. MINA would further reduce contaminant mass and volume.
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Alternative 1 rates low in reduction of toxicity, mobility, or volume through treatment.
Although modeling results have indicated the plume would continue to migrate at depth
and some natuial attenuation processes would occur, there would be no way to verify this.

R-6.2.5 Short-Term Effectiveness

Each of Alternatives 6, 7, 9, 10, and 11 would achieve a significant level of short-term
effectiveness by containing contaminated groundwater and preventing exposure through
institutional controls.

Alternative 11 rates highest in the short-term effectiveness, because the treatment step is
in situ and a significant quantity of the VOC mass in the groundwater would be
dechlorinated through the enhanced bioremediation. Tests have shown telatively high
destruction rates for DNAPL under bioaugmented conditions. The chemical reaction in
this process 1s not as extreme as the ISCO and thus is significantly safer to implement.
The rate of degradation can be quite high based on studies at other sites. By altering the
spacing, density of wells, and biobarrier locations, the treatment rate can be modified to
enhance the degradation rate. The enhanced bioremediation will require the installation
of inmjection wells, monitoring wells, groundwater extraction wells, and temporary
pipeline conveyance to the well heads from the mixing and distribution point. The
groundwater extraction wells will be used to supply site groundwater for mixing with the
EVO. These short term exposure scenarios would pose relatively minor exposure risks to
workers and the community with proper application of mitigation measures. The short
duration for mixing groundwater with the electron donor and re-injecting is the most
significant exposure path for human contact with groundwater. This short-term risk can
be mitigated through proper design, site specific health and safety plan, and the remedial
action work plan. During the majority of the time for remediation, virtually all exposure
paths are limited due to the in situ nature of the remedial action. Groundwater modeling
indicates that RAOs may be achievable within 15 years.

Alternative 9 rates medium in short-term effectiveness. A significant quantity of the
VOC mass in the groundwater would be rendered chemically inert within the first year of
implementation. Groundwater modeling indicates RAOs may be achievable within
30 years. Aggressive pumping in the dissolved plume accelerates the cleanup timeframe.
There are short-term risks associated with chemical oxidation, including potential for
vigorous reactions with the chemically buffered, alkaline groundwater and human contact
with process chemicals; howevet, these risks could be mitigated through proper design
and the site-specific health and safety plan and remedial action work plan. Operation of
the pump-and-treat system for the dissolved plume would reduce the mass of VOC
contamination. The impacts of long term pumping on water quality have two potential
short term impacts on treatment; 1) increased salt in the groundwater will negatively
tmpact the carbon loading and may require a pretreatment step; 2) pumping 800 acre feet
of water per year in close proximity to the coast may exacerbate the salt water intrusion
within the aquifer. The installation of monitoring wells, extraction wells, conveyance
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pipelines, and the treatment plant would pose relatively minor risks to workers and the
surrounding community.

Alternative 6 rates medium in short-term effectiveness, because a significant quantity of
the VOC mass in the groundwater is rendered chemically inert within the first year of
implementation. Groundwater modeling indicates RAOs may be achievable within
50 years. As with Alternative 9, there are short-term risks associated with the chemical
oxidation technology. Operation of the containment system for the dissolved plume
would prevent further migration of contamination Implementation of the pump and treat
technology may degrade the aquifer due to salt water intrusion as with Alternative 9.
Installation of monitoring wells, extraction wells, conveyance pipelines, and the treatment
plant would pose relatively minor risks to workers and the surrounding community.

Alternatives 7 and 10 are rated low in terms of effective options in the short term.
Operation of the containment and pump-and-treat systems would prevent further
migration of the contaminant plume and significantly reduce the volume and mass of
VOC contamination in the dissolved plume. However, groundwater modeling indicates
these alternatives would fail to achieve RAOs within a 50-year timeframe. The presence
of DNAPL could prolong cleanup for an extended duration. Implementation of the pump
and treat technology may degrade the aquifer due to salt water intrusion as with
Alternative 9. Installation of monitoring wells, extiaction wells, conveyance pipelines,
and the treatment plant would pose relatively minor risks to workers and the surrounding
community.

Alternative 1 1ates lowest in short-term effectiveness. No control of land would be
exercised and the potential for extraction and use of contaminated groundwater would
exist. No containment of contaminated groundwater would be accomplished. Existing
natural attenuation processes would not reduce contamination in the short term.

R-6.2.6 Implementability

Alternative 1 rates highest in implementability because there would be no field
constiuction or other remedial activities.

Alternative 11 is technically feasible and is rated medium in difficulty. Alternative 11
will require conventional wells for injection, blending manifolds for EVO and KB-1™
injection, and monitoring wells for evaluating the treatment No difficulties are
anticipated for shipping, installation, application, and evaluation of the bicaugmentation
treatment process. The process uses conventional drilling equipment and components for
the treatment system. Treatability studies are required to provide design details, not to
assess the feasibility or applicability of the technology.

The technical feasibility of Alternative 7 and Alternative 10 rate medium, because both
would employ reliable, widely available technologies. Each alternative would be
installed using conventional equipment and construction methods. No difficulties are
anticipated with regard to reliability or scheduling.
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Alternatives 6 and 9 rate low in implementability. The chemical oxidation technology is
considered innovative, and bench- and pilot-scale testing would be necessary to verify
implementability. Site conditions at the base, specifically the alkalinity, TDS, and sulfate
in the shallow groundwater, raise concerns about possible chemical interferences. The
alkalinity levels in the groundwater are at the upper range of the vendor’s capabilities.
Furthermore, there are only three currently known vendors of the chemical oxidation
technology and a limited number of experienced contractors in this remedial technology.
Careful consideration would need to be given to process design to avoid impacts to
oveilying structures and utilities in the area.

R-6.2.7 Cost Effectiveness

Table R-6-4 shows estimated costs for the six remedial alternatives. The cost estimates
for Alternatives 1, 6, 7, and 10 have been escalated from the 1999 prices using a 3 percent
increase per year. The cost for Alternative 9 has been revised based on a process
optimization analysis provided to the DON in 2004. Costs for Alternative 11 were
developed by using 2005 costing data. Costs for Alternative 1 are zero and will not be
evaluated further.

Alternative 7 is the lowest in capital cost Capital costs are lowest among the remaining
alternatives because the hydraulic containment approach minimizes the number of well
installations required. O&M costs are lower than Alternative 10 because the flow rates
required for hydiaulic containment of the dissolved plume are less than for aggressive
pumping and treating in this portion of the plume.

Alternative 10 is the next lowest in capital cost. Alternative 10 would incur higher
capital costs than Alternative 7 due to the additional well installations for aggressive
pump and treat of the dissolved plume and DNAPL plume. Activated catbon usage
would be greater with the higher flow rate and high concentiations from the DNAPL area
O&M costs are higher than Alternative 7 during the first 15 vears, when combined
pumping of the DNAPL area containment system and the dissolved plume pump and treat
system results in significantly higher {low rates, which must be extracted and treated
This treatment option may require a pre-treatment step for high total dissolved solids
(TDS) water due to the proximity of salt water within the aquifer.

- Alternative 6 has the next lowest capital cost. Because the number of wells required for
containment 1s less than for pump and treat, Alternative 6 will require fewer wells, The
cost for ISCO wells in the DNAPL area increases the capital cost for this alternative.
Capital costs associated with chemical oxidation of the DNAPL area contribute to the
higher costs, which include installation of chemical delivery systems, reagent material
costs, and operational labor. Because the containment pump and treat system is designed
for a lower volume of groundwater, the need for high TDS pretreatment may be
minimized.
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Table R-6-4
Summary of Cost Estimates for IR Site 70 Remedial Alternatives (Revised)
Alternative Estimated Total Direct  Total Direct Total Net
Duration (years) Capital Cost O&M Cost Cost**¥ Present Value
Alternative 1, no action 25-47 30 %0 $0
Alternative 6, hydraulic 25-47 $3 .5 million* $24.2 million* $11.0 million*

containment {dissolved plume)
and in situ treatment (DNAPL
area)

Alternative 7, hydraulic 50 $6.3 milion* $23 9 million*
containment {dissolved plume)
and pump and treat (DNAPL

area)

Alternative 9, pump and treat 46 $7.9 million** 3101 $21.6 $12.1
{(dissolved plume) and in situ million** million** million**
treatment (DNAPT. area)

Alternative 10, pump and treat 30 $1 3 million*  $6 6 million* $26 8 million* $8 5 million*

(dissolved plume) and pump and
treat (DNAPL area)

Alternative 11, Biostimulation - 15 $4 3 million  $11.4 million $14 7 million
bioaugmentation (DNAPL area)
and bioaurgmented biobarriers

(dissolved plume)

Notes;

H values indicaie the lowest cost for that project element and use revised cost estimates

based on 2005 dollars

* indicate price with a 3% per year cost increase to reflect current 2004 pricing

** indicate BNI revised estimates from the “White Paper — Alternative Technology Evaluation IR Site
70, NAVWPNSTA Seal Beach” June 2004

*** Includes 20% Contingency

Acronyms/Abbreviations:

IR - Instalfation Resteration (Program)

DNAPL — dense nonagqueous-phase liquid

Q&M — operaticn and maintenance
Alternative 11 has the next lowest capital cost. The higher cost is primarily driven by the
amount of oil and related injection labor required to create the biobarriers, and the need
for a limited number of reinjections throughout the treatment period. Another significant
cost is the number of well points that are being drilled to provide the injection points and
monitoring data. Well installation costs may be reduced by achieving a larger radius of
oil injection allowing greater spacing between wells along the biobarriers; however,
targeting a larger radius of influence requires more oil to achieve the same lateral
coverage, thus increasing oil costs exponentially. The cost of well installations must
therefore be balanced with the cost of the oil to achieve that same coverage along the
biobartier. Costs will also be impacted by the number of biobarriers required and the
targeted treatment duration. Higher groundwater velocities than estimated and/or greater
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natural aftenuation rates would result in fewer required biobarriers. A longer taigeted
treatment duration would also allow for fewer biobartiers to be used; however, these
barriers would have to be sustained over the entire period, requiring more injections per
barrier. Again, there is a balance between the optimal remediation duration and bairier
spacing. A significant uncertainty in the remedial design that will impact the cost
estimate is the lifespan of the oil. Current estimates from initial tests appear to indicate
typical lifespans of at least one to two years. Oil lifespan will also be impacted by the
electron acceptor loading (e g., contaminants, sulfate, nitrate, etc ), the dissolution rate of
the oil, and the rate of groundwater flux through the bioactive zone and is, thus,
somewhat site specific.

Alternative 9 is the most expensive in capital expenditures. Higher capital costs are
associated with the chemical oxidation treatment of the DNAPL area, the number of
injection points required for ISCO, and installation of the well field for aggressive pump
and treat of the dissolved plume. The high flow volume of the pump and treat will also
require a higher capacity GAC treatment system. Since the higher groundwater pumping
rate will potentially cause greater salt water intrusion, the pumped water may require
pretreatment to lower the TDS to avoid increased carbon consumption through fouling
and clogging.

The estimated O&M costs for most of the alternatives are close except the revised cost
for Alternative 9 which includes a pretreatment for high TDS and Alternative 11.
Alternative 11 is the highest estimated O&M costs due to extensive monitoiing points
and 15-year injections of EVO

Alternative 11 had the lowest estimated total cost over the life of the treatment system
and MNA. The duration of the treatment has a significant impact on the remediation
costs. Alternative 9 had the next lowest total cost based on a 46-year remediation cycle
Alternatives 7, 6, and 10 show increasing total cost as the remediation period increases
and passes the 50 year mark.

Irrespective of the differences in net present-worth costs, Alternatives 1, 6, 7, 9, and 10
are all rated medium in terms of cost-effectiveness due to the extended duration (50 years
or more). The in situ application of enhanced bioremediation without any significant
groundwater extraction provides for a cost effective approach to Site 70 remediation
strategy. Although in sifu treatment results in higher capital costs, Alternatives 9 and 11
are considered cost effective because costs are proportional to effectiveness over the
duzation of the remedial action.

R-6.2.8 State Acceptance

Alternative 1 is rated low in terms of state acceptance. Based on presentation to date to
the regulatory agencies, an enhanced bioremediation alternative should be acceptable to
the State. Because formal acceptance has not been received, Alternative 11 is rated
medium. Each of the other alternatives is rated medium with regard to this criterion. The
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DON believes each of the alternatives complies with ARARs and is protective of human
health and the environment.

R-6.2.9 Community Acceptance

Alternative 1 is rated low in terms of community acceptance. Each of the other
alternatives is rated medium for this criterion. All of the alternatives prevent off-site
migzation of contamination. No disruption of surrounding communities would occur and
there are no air emission issues

R-6.2.10 Conclusions

Alternative 11, which includes in situ bioremediation of the DNAPL (source area) and
dissolved phase plume, scores the highest The enhanced bioremediation of the DNAPL
will be achieved through application of an electron donor to achieve reduced conditions
and subsequent bioaugmentation with a stable, halorespiring, dechlorinating microbial
culture (KB-1™).  Alternative 11 meets the threshold critetia of overall protection of
human health and the environment and compliance with ARARs. Table R-6-5 provides a
summary of the alternatives with the nine NCP criteria. Alternative 11 rated highest
overall among the five balancing criteria when compared with the other five alternatives.
Alternative 11 uses an enhanced bioremediation approach to enhance the mass removal
rate of DNAPLs in the source area to reduce total cleanup time. The enhanced 1ate of
biological activity required to increase the mass removal rate will be achieved by
injecting EVO (electron donor) and the requisite halorespiring microorganisms in the KB-
1™ cylture throughout the source area. Demonstrations have shown up to 98 percent
mass removal within a DNAPL site over one year (EPA, 2004).

The dissolved phase plume will be transected by biobarriers which are injected with
clectron donor and biocaugmented with KB-1'™, a stable, halorespiring microbial
consortia capable of dechlorinating TCE to ethenes. Injection well points will be drilled
and installed across the dissolved plume at a spacing equal to the radius of influence for
that zone. Each biobarrier will be spaced perpendicular to the axis of groundwater flow
at a spacing equal to 5 years of groundwater flow. As groundwater flows through the
biobarriers the microbial culture will actively dechlorinate the chlorinated compounds.
Using the estimated groundwater velocity of 0.5 feet per day the effective unretarded
residence time for groundwater to pass through each biobarrier will be approximately 50
days.
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Table R-6-5
Summary of IR Site 70 Acceptance Review Criteria (New)

NCP Criteria Altern. 1 Altern. 6 Altern. 7 Altern. 9 Altern. 10  Altern 11
Protective of human health No (O) Yes (3) Yes (3) Yes (3) Yes (3) Yes (3)
and the environment '

Comply with ARARs NA (0) Yes (3) Yes (3) Yes (3) Yes (3) Yes (3)
Long-term Effectiveness Low (0) Mod. High Low (1) Mod High Medium High {5)
, ) “4) 3
Reduce Toxicity, Mobility, or Low (0) Medium Low (1) Mod. High Medium High (5)
Volume through treatment (3) {4 (3)
Short-term Effectiveness Low (Q) Medium Low (1) Medium Low (1) High (5)
3 (3)
Implementability High (5) Low (1) Medium Low (1) Medium Medium
€] (3) 3)
Cost Effectiveness NA (0) Mod. Low Medium Mod High Low (1) High (5}
2 3 )
State Acceptance Low (0) Medium Medium Medium Medium High (4)
3 3 3 3)
Community Acceptance Low (0) Medium Medium Medium Medium Mediurm
(3 3 3 (3 (3)
Total Score Low (5) Medium Mod Low  Mod High Medium Mod. High
(possible 45 score) (25) (22) 28 22) (34)
Quartile 0-1,2,3,4 Q-1 Q-3 Q-2 Q-3 Q-3 Q-3
Notes:

Score vailues from 0 — 5, with 0 being lowest and 5 being the highest rating
Mod. = Moderate

NA = Not Applicable/Not Available

ARARs = Applicable, Relevant, and Appropriate Requirements

NCP = National Contingency Plan

Quartile = 1st 1-10 pts, 2nd 11-22 pis, 3rd 23-34 pis, 4th 35-45 pts,
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Based on advances in the bioremediation technology, these two approaches for the
respective areas are considered a very aggressive remedial strategy. Groundwater
modeling indicates that 99% of the dissolved TCE would be removed by in situ
treatment. Estimates of DNAPL mass removal could not be obtained from the model.
Groundwater modeling further indicates RAOs may be achievable within the project life
evaluated for this alternative (15 years) The microbial dechlorination of the primary
TCE compounds and daughter products to ethene has been demonstrated at IR Site 40.
This alternative is the least expensive based on total cost. This alternative is immediately
compatible with long term MNA and will actually enhance that process through the
distribution of microbial culture and nutrients. A comparison of the alternatives is
provided in Table R-6-5

Alternative 9 (pump and treat [dissolved plume] and in situ treatment [DNAPL area])
rates second highest overall among the six alternatives. Table R-6-3 indicates that
Alternative 9 was the second highest in meeting the balancing criteria and Table R-6-4
shows the alternative had the second lowest total cost. Alternative 9 was selected as the
preferred remedy from the original FS. Alternative 9 combines an aggressive in situ
chemical oxidation treatment option for the DNAPL area with an aggressive pump and
treat option for mass removal of dissolved-phase contamination at IR Site 70. Chemical
oxidation is a very aggressive form of treatment and should result in lower residual 1isks
in the DNAPL area, following treatment, than some of the other process options
evaluated. Groundwater modeling indicates 1,100 pounds of TCE would be removed by
in situ treatment, along with an additional 1,900 pounds of TCE removed by pumping in
10 years. Groundwater modeling further indicates RAOs may be achievable within the
project life evaluated for this alternative (50 years). Aggressive pumping in the dissolved
plume should make MNA a viable end-stage plume management strategy within 15 years.
This 15-year duration of high rate pumping (approximately 880 acre feet (AF) per year)
could have serious negative impacts to the local and regional aquifer due to increased salt
water intrusion. In addition, the increased salt content of the treated water will either
require pretreatment or increase the consumption of GAC within the treatment system.
With regard to the chemical oxidation, potential benefits from reduced duration and
permanent reduction in toxicity, mobility and volume would exceed short-term 1isks to
wotkers and overlying structures. However, the operational reliability of this alternative
is rated low due to the need to conduct bench- and pilot-scale testing of the chemical
oxidation technology. These factors reduce the overall effectiveness of this approach.

Alternative 6 (hydraulic containment [dissolved plume] and in situ treatment [DNAPL
area]) rates next highest overall among the balancing criteria. Alternative 6 would use a
less aggressive pumping approach for the dissolved plume than Alternative 9. The flow
rates for extracted contaminated groundwater resulting from hydraulic containment are
approximately half those for Alternative 9. This results in a less expensive approach for
the dissolved plume; however, a longer timeframe for pumping is necessary
(approximately 30 years) to reduce contamination to levels low enough to revert to MNA.
The longer duration, high rate pumping (approximately 440 AF per year) could have
serious negative impacts to the local and regional aquifer due to increased salt watet
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intrusion. As mentioned above, increased salt content will negatively impact the
treatment system efficiency. Nevertheless, groundwater modeling indicates RAOs may
be achievable within 50 years. As for Alternative 9 above, potential benefits from
chemical oxidation of the DNAPL area are thought to exceed short-term risks, and
operational reliability of this alternative is rated low.

Alternative 10 (pump and treat {dissolved plume] and pump and treat [DNAPL area])
rates the next highest overall, followed by Alternative 7 (hydiaulic containment
[dissolved plume] and pump and treat [DNAPL area]), among the balancing criteria. In
Table R-6-5 Alternative 7 and 10 scored the same at approximately 50 percent of the
maximum score. Alternatives 7 and 10 are similar to Alternatives 6 and 9, respectively,
in terms of the dissolved-plume remediation approach. However, Alternatives 7 and 10
would use a pump-and-treat approach for the DNAPL area. Groundwater modeling
indicates these alternatives would not achieve RAOs within 50 years. Because of the
presumed presence of DNAPLs, these alternatives rate lower in terms of long-term
effectiveness and short-term effectiveness than Alternatives 6 and 9. Alternatives 7 and
10 use a demonstrated technology to contain contamination and achieve mass removal of
dissolved-phase contamination; both rate medium in implementability. Alternatives 7
and 10 are less expensive than Alternatives 6 and 9,-but when costs are weighed against
effectiveness, Alternatives 7 and 10 rate only medium. The longer duration, high rate
pumping (approximately 440 AF per vear for Alternative 7 and 880 AF per year for
Alternative 10) could have serious negative impacts to the local and regional aquifer due
to increased salt water intrusion. As mentioned above, increased salt content will
negatively impact the treatment system efficiency.

Alternative 1 is not a viable alternative for IR Site 70 because it does not afford overall
protection of human health and the environment. Contaminant migration would not be
monitored or contained, and no restrictions on the use of contaminated groundwater
would be in place.
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FOREWORD

This revised Appendix provides an updated evaluation of applicable or relevant and appropriate
requirements (ARARs) to identify and evaluate potential federal and California state ARARs for
groundwater at Installation Restoration (IR) Program Site 70, Naval Weapons Station Seal Beach
(NAVWPNSTA Seal Beach), Seal Beach, California. Also included in the revised Appendix are
the Department of the Navy (DON) determinations regarding those potential ARARs for each
remedial alternative retained for detailed analysis in this Revised Feasibility Study (RFS) The
Table of Contents (TOC) in this Appendix provides a cross reference between Appendix B in the
original Feasibility Study (FS; Bechtel, 2002) and the revised Appendix R-B of the RFS. The
shaded portions of the TOC reflect elements of Appendix B of the FS that have not been altered
for the RES; those sections without page numbers listed in the TOC have been incorporated into
the RFS by reference. Unshaded portions of the TOC reflect text that has been added or revised
within the RES.
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b
Ib/f°

pg/L
mg/L
MSL

NAVWPNSTA

below ground surface
Bechtel National, Inc.

centimeters per second
cubic centimeters per gram
square centimeters per minute

three-dimensional
dichloroethane

dichloroethene

aqueous diffusion coefficient
dense nonaqueous-phase liquid

Extended Removal Site Evaluation

fraction of organic carbon
feasibility study

pet foot

feet per day

square feet per minute

grams per cubic centimeter
grams per mole
gallons per minute

Installation Restoration (Program)
distribution coefficient
organic carbon-to-water partitioning coefficient

kilograms per liter

pound
pounds per cubic foot

ricrograms per liter
milligrams per liter

mean sea level

Naval Weapons Station
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Acronyms / Abbreviations

PCE tetrachloroethene

TCA trichloroethane

TCE trichloroethene

US EPA United States Environmental Protection Agency

vOoC volatile organic compound

vol. % volumetric percent

wt. % weight percent
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Revised Appendix R-B
APPLICABLE OR RELEVANT AND APPROPRIATE

REQUIREMENTS

R-B1 INTRODUCTION
R-B1.1 PURPOSE

The purpose of this evaluation of applicable or relevant and appropriate requirements
(ARARS) is to identify and evaluate potential federal and California state ARARs and to
set forth the Department of the Navy (DON) determinations regarding those potential
ARARs for each remedial alternative retained for detailed analysis in this Revised
Feasibility Study (RFS) for groundwater at Installation Restoration (IR) Program Site 70,
NAVWPNSTA Seal Beach.

This evaluation is a step in identifying potential ARARSs from the universe of regulations,
requirements, and guidance that may be pertinent to IR Site 70 as identified by the DON
or state agencies. This evaluation includes an initial determination of whether the
potential ARARs actually qualify as ARARs, and a comparison for stringency to identify
the controlling ARARs. The identification of ARARs is an iterative process. The final
determination of ARARs will be made by the DON in the Record of Decision (ROD),
after public review, as part of the response action selection process.

R-B1.2 SUMMARY OF CERCLA AND NCP REQUIREMENTS

e Section 121(d) of the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA) of 1980 states that remedial actions on CERCLA
sites must attain (or the decision document must justify the waiver of) any
federal or more stringent state environmental standards, requirements, criteria,
or limitations that are determined to be legally applicable or relevant and
appropriate.

o  Applicable requirements are those cleanup standards, standards of control, and
other substantive environmental protection requirements, criteria, or limitations
promulgated under federal or state law that specifically address the sitvation at a
CERCLA site. The requirement is applicable if the jurisdictional prerequisites of
the standard show a direct correspondence when objectively compared to the
conditions at the site. If the requirement is not legally applicable, then the
requirement is evaluated to determine whether it is relevant and appropriate.
Relevant and appropriate requirements are those cleanup standards, standards of
control, and other substantive environmental protection requirements, criteria, or
limitations promulgated under federal or state law that, while not applicable,
address problems ot situations similar to the circumstances of the proposed
response action and are well suited to the conditions of the site (United States
Environmental Protection Agency [U.S. EPA] 1988a). The criteria for
determining relevance and appropiiateness are listed in Title 40, Code of
Federal Regulations (CFR), Section 300 400(g)(2) (40 CFR 300.400[9][2}, and
include the following:

e the purpose of the requirement and the purpose of the CERCLA action;
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e the medium regulated or affected by the requirement and the medium
contaminated or affected at the CERCLA site;

» the substances regulated by the requirement and the substances found at the
CERCLA site

¢ any variances, waivers, or exemptions of the requirement and their availability
for the circumstances at the CERCLA site;

¢ the type of place regulated and the type of place affected by the release or
CERCLA action;

* the type and size of structure or facility regulated and the type and size of
structure or facility affected by the release or contemplated by the CERCLA
action; and

e any consideration of use or potential use of affected resources in the requirement
and the use or potential use of the affected resource at the CERCLA site

Tables included in this appendix present each potential ARAR with a determination of
ARAR status (i.e., applicable or relevant and appropriate). For the determination of
relevance and appropriateness, the pertinent criteria were examined to determine whether
the requirements addressed problems o1 situations sufficiently similar to the
circumstances of the release or remedial action contemplated, and whether the
requirement was well suited to the site. A negative determination of relevance and
appropriateness indicates that the requirement did not meet the pertinent criteria,
Negative determinations are documented in the tables of this appendix and will be
discussed in the text only for specific cases. In order to qualify as a state ARAR under
CERCLA and the National Oil and Hazardous Substances Pollution Contingency Plan
(NCP), a state requirement must be:

s astate law;

e an environmental or facility siting law;

+ promulgated (of general applicability and legaily enforceable);
* substantive (not procedural or administrative);

e more stringent than the federal requirement;

¢ identified in a timely manner; and

* consistently applied.

In order to constitute an ARAR, a requirement must be substantive. Therefore, only
substantive provisions of requirements identified as ARARs in this analysis are
considered to be ARARs. Section 121(e)}{1) of CERCILA states that “No Federal, State,
or local permit shall be required for the portion of any removal ot remedial action
conducted entirely on-site, where such remedial action is selected and carried out in
compliance with this section” Permits are considered to be procedural or administrative
requitements. Provisions of generally relevant federal and state statutes and regulations
that were determined to be procedural or nonenvironmental, including permit
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requirements, are not considered to be ARARs. The term “on-site” is defined for
purposes of this discussion as the areal extent of contamination and all suitable areas in
very close proximity to the contamination necessary for implementation of the response
action.

Nonpromulgated advisories or guidance issued by federal or state government are not
legally binding and do not have the status of ARARs. Such requirements may, however,
be useful, and are “to be considered” (TBC). These requirements complement ARARs,
but do not override them. They are useful for guiding decisions regarding cleanup levels
or methodologies when regulatory standards are not available.

Pursuant to U.S. EPA guidance, ARARs are generally divided into three categorics:
chemical-specific, location-specific, and action-specific requirements. This classification
was developed to aid in the identification of ARARs; some ARARs do not fall precisely
into one group or another ARARSs are identified on a site basis for remedial actions
where CERCLA authority is the basis for cleanup.

As the lead federal agency, the DON has primaty responsibility for identification of
federal ARARs at NAVWPNSTA Seal Beach. Potential federal ARARs that have been
identified for the IR Site 70 RFS are discussed below. Pursuant to definition of the term
“on-site” (i.e., areal extent of contamination and all suitable areas in very close proximity
to the contamination necessary for implementation of the response action) in 40 CFR
300.5, the on-station areas that are part of this action and the volatile organic compound
(VOC) plume extending downgradient of the IR Site 70 boundary are considered to be on
site for purposes of this ARARs analysis. The shallow upgradient portion of the IR Site
70 plume that may extend off-station is considered part of the site. Extraction wells,
VOC treatment facilities, injection wells, and conveyance systems connecting those items
are defined as “on site” Alternatives that include discharge of treated groundwater to
independent water purveyors and any additional treatment, blending, and distribution
performed by the purveyor are considered to be off-site actions Therefore, regulatory
requirements that apply to off-site actions are not ARARs.

Identification of potential state ARARs was initiated through DON requests that the
California Environmental Protection Agency (Cal-EPA) Department of Toxic Substances
Contro! (DTSC) identify potential state ARARs as desctibed in more detail in Section R-
B1.32 Potential state ARARs that have been identified for TR Site 70 are discussed
below.

R-B1.3 DESCRIPTION OF METHODOLOGY

The process of identification and evaluation of potential federal and state ARARSs is
described in this subsection.

R-B1.3.1 General

In preparing this ARARs analysis, the DON undertook the following measures,
consistent with CERCLA and the NCP:
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o identified federal ARARSs for each remedial action alternative addressed in the
RFS, taking into account site-specific information for IR Site 70

* reviewed potential state ARARs identified by the state in order to determine
whether they satisfy CERCILA and NCP criteria that must be met in order to
constitute ARARSs;

¢ evaluated and compared federal ARARs and their state counterpaits in order to
determine which state ARARs are more stringent or are in addition to the federal
ARARSs; and

s reached a conclusion as to which federal and state ARARs were the most
stringent and/or “controlling” ARARSs for each alternative '

As outlined in Section 2.2 of the original FS report (Bechtel, 2002), the remedial action
objectives for the IR Site 70 groundwater action are to:

e protect the existing beneficial uses of the shallow aquifer underlying
NAVWPNSTA, Seal Beach, to the extent practicable while minimizing VOC
migration (as defined by the RAOs) beyond the current NAVWPNSTA Seal
Beach boundaries; and '

s protect human health by preventing extraction of VOC-affected shallow
groundwater for domestic use until site cleanup goals are achieved.

Remedial action alternatives retained for detailed analysis in this RES are designed to
accomplish these remedial action objectives. Removal and containment of VOCs in
groundwater is achieved within the various Alternatives for Site 70 through destruction in
situ through either bioremediation, monitored natural attenuation, or chemical oxidation
processes, and containment through groundwater extraction wells. Appropriate treatment
of the extracted groundwater waste stream is included for each alternative, if necessary.

The IR Site 70 remedial action alternatives considered for detailed analysis, and for
which an ARARs analysis is presented in this appendix, are as follows:

s Alternative 1 — no action;

e Alternative 6 — hydraulic containment (dissolved plume) and in situ treatment
(dense nonaqueous-phase liquid [DNAPL] area);

¢ Alternative 7 — hydraulic containment (dissolved plume) and pump and treat
(DNAPL area);

*  Alternative 9 — pump and treat (dissolved plume) and in situ treatment (DNAPL
area);

s Alternative 10 — pump and treat (dissolved plume) and pump and treat (DNAPL
area); and

¢ Alternative 11 — biostimulation combined with bioaugmentation (DNAPL area)
and bioaugmented biobarriers (dissolved plume).
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R-B1.3.2 Identification and Evaluation of State ARARs

The process of identification and evaluation of potential state ARARS by the state and the
DON is desctibed in this subsection.

B1.3.2.1 SOLICITATION OF STATE ARARS UNDER NCP

U.S EPA guidance recommends that the lead federal agency consult with the state when
identifying state ARARSs for remedial actions. The DON followed the procedures of the
process set forth in 40 CFR Section 300.515 and Section 7.6 of the Federal Facilities
Agreement (FFA) for remedial actions in seeking state assistance in identification of state
ARARs.

In essence, the CERCLA/NCP/FFA requirements for remedial actions provide that the
lead federal agency (DON, in this case) request that the state identify chemical-specific
and location-specific state ARARs upon completion of site characterization, and again
request identification of all categories of state ARARs (chemical specific, location
specific, and action specific) upon completion of identification of remedial alternatives
for detailed analysis. The state must respond within 30 days of receipt of the lead federal
agency requests. '

R-B1.3.2.2 CHRONOLOGY OF EFFORTS TO IDENTIFY STATE ARARS

The following chronology summarizes DON efforts to obtain state assistance in
identification of state ARARs for the remedial action at NAVWPNSTA Seal Beach Key
correspondence between the DON and the state agencies relating to this etfort has been
included in the Administrative Record (AR) for this interim action.

e DON formally requested state chemical-, location-, and action-specific ARARs
for the RFS at IR Site 70 groundwater on 29 October 2004. Letters were sent to
the DTSC (SWDIV, 2004a) soliciting ARARs based on preliminary remedial
technologies and process options detailed to the agencies by the DON.

¢ TFollowing the DON solicitation for ARARs from DTSC, DTSC requested
action-specific, chemical-specific, and location-specific ARARs in a letter dated
2 December 2004.

e DON received a letter from DTSC (DTSC, 2005) providing its chemical-,
location-, and action-specific ARARs on 19 January 2005.

o DTSC (DTSC, 2005) provided a list of potential chemical- and location-specitic
ARARS to be considered for IR Site 70. The list included responses from the
Air Resources Board; RWQCB, Santa Ana; Department of Fish and Game;
California Department of Transportation; and the South Coast Air Quality
Management District (SCAQMD).

This RFS ARAR analysis addresses the potential state ARARs identified in the above
correspondence from Cal-EPA DTSC and RWQCB and in codes and regulations from
the following state and local agencies and departments:

e California Department of Transportation;
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e (California Air Resources Board;

e California Department of Fish and Game;
o SCAQMD; and

¢ California RWQCB, Santa Ana Region.

R-B2 CHEMICAL-SPECIFIC ARARS

Chemical-specific ARARs are generally health- or risk-based numerical values or
methodologies applied to site-specific conditions that result in the establishment of
numerical values. Many potential ARARs associated with particular remedial
alternatives (such as closwe or discharge) can be characterized as action-specific
ARARs, but include numerical values or methodologies to establish them so they fit in
both categories of ARARs. To simplify the comparison of numerical values, some
action-specific ARARs with numerical values are discussed in this section.

ARARs determination conclusions addressing numerical values are presented for
groundwater. A summary of the ARARs conclusions and a more detailed discussion of
the ARARSs for groundwater are presented below.

Potential federal and state chemical-specific ARARs are summarized in Tables R-B2-1
and R-B2-2, respectively.

R-B2.1 SUMMARY OF ARARS CONCLUSIONS BY MEDIUM

Groundwater, surface water, air, and soil are the environmental media potentially affected
by the IR Site 70 remedial acttons. The conclusions for ARARs pertaining to these media
are presented in the following sections.

R-B2.1.1 Groundwater ARARs Conclusions

The contaminants of concern in IR Site 70 groundwater for this action are the VOCs that
were detected during groundwater sampling conducted during the Extended Removal Site
Evaluation (ERSE) (BNI 1999).

Table B2-3 lists the VOCs identified as the contaminants of concern in the groundwater.
If additional VOCs or other organic compounds are detected in the future during
monitoring programs, they will be addressed in the final ROD.

The substantive provisions of the following requirements are the most stringent of the
potential federal and state groundwater ARARs and TBCs for the action:

e  Water Quality Control Plan (WQCP) for the Santa Ana River Basin (8)
(RWQCB 1995) (water quality objectives {WQOs}, beneficial uses, waste
discharge limitations);

¢ federal maximum contaminant levels (MCLs) and nonzero maximum
contaminant level goals (MCLGs) for organic compounds;
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Appendix B-B Applicable Or Relevant And Appropriate Requirements

U.S. EPA SAFE DRINKING
WATER ACT?
Volatile Maxim_um Maximum Contaminant . Califo:‘nia i . Controlling
Organic Compound Con{a minant Level Goal Maximum Contaminant ARAR
evel Level
Acetone - o - -
Benzene 5 ¥ | |
Carbon disulfide --- --- - 21°
Carbon tetrachloride 5 0 05 05
Chlorobenzene 100 100 70 70
Chloroform 100 0] 100 100
1,1-dichloroethane - -—- 5 5
1,2-dichioroethane 5 0 a5 0.5
1,1-dichloroethene 7 7 6 6
cis-1,2-dichloroethene 70 70 6 6
trans-1,2-dichloroethene 100 100 10 10
1,2-dichloroethene . . . 550
(total)
Nl e | : ; ;
Nitrobenzene - - -— -
Tetrachlomoethene 5 0 5 5
Toluene 1,000 1,000 150 150
1,1,2-trichloroethane 5 3 5 5
Trichloroethene 5 0 5 5
Vinyl chloride 2 0 0.5 0.5
Notes:

#  Current Drinking Water Standards, Office of Water, 01 July 1999
® California Code of Reguiations {26 CCR 22-84444), Maximum Contaminani Leveis, 1999
¢ United States Environmental protection Agency Preliminary Remediation Goals, Region IX.

Acronyms/Abhreviations:

--- not available

ARAR - applicable or relevant and appropriate reguirement
U.8. EPA - United States Environmental Protection Agency
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Appendix R-B  Applicable Or Relevant And Appropriate Requirements

s state primary MCLs for organic compounds in Title 22 California Code of
Regulations (CCR); and

+ Resource Conservation and Recovery Act (RCRA) groundwater protection
standards in Title 22 CCR Section 66264.94(a)(1),(a)(3), (c), (d), and (e).

It is not technically or economically feasible to achieve background (i e., nondetect)
levels of VOCs in the contaminant plume as required under the RCRA groundwater
protection standards. Therefore, as provided for in 22 CCR 66294 94(c), concentration
limits based on MCLs, nonzero MCLGs, and health-based criteria have been set as the
remedial goals for Site 70. Numerical values of potential groundwater ARARs and
identification of the most stringent criteria are presented in Table B2-3.

The point of compliance for MCLGs and MCLs under the Safe Drinking Water Act
(SDWA) is at the tap. For CERCLA remedies, however, US. EPA indicates that
nonzero MCLGs or MCLs should be attained throughout the contaminated plume, or at
and beyond the edge of the waste management arca when the waste is left in place (55
Federal Register 8753). The CERCLA point of compliance is consistent with that
specified under the RCRA groundwater protection standards, which state that the point of
compliance at which the protection standards apply is a vertical surface, located at the
hydraulically downgradient limit of the waste management area that extends throughout
the uppermost aquifer underlying the regulated unit (22 CCR 66264.95) The point of
compliance for IR Site 70 will be the NAVWPNSTA Seal Beach site boundary or the
existing groundwater point of use, whichever is hydraulically most upgradient.

For IR Site 70, the point of compliance evaluated for shallow groundwater was
Monitoring Well (MW)-70-02 (Figure 1-17 in the FS). Monitoring at the MW-70-02
point of compliance would be performed to verify contaminated groundwater is not
migrating off-station at unacceptable levels. For intermediate/deep groundwater, the
point of compliance evalnated was well NVLW-SB3 (Navy Well No-3, Figure 1-9a).

The California State Water Resources Control Board (SWRCB) Resolution No 68-16
establishes the policy that high-quality waters of the state “shall be maintained to the
maximum extent possible” consistent with the “maximum benefit to the people of the
state.” This has been interpreted by the SWRCB to include a prohibition on the continued
migration of existing groundwater contaminant plumes at levels that exceed background
for the aquifer (SWRCB 1994). The DON has considered this position, and determined
that further migration of already contaminated groundwater is not a discharge governed
by the language in SWRCB Resolution No. 63-16. More specifically, the language
indicates that it is prospective in intent, applying to new discharges in order to maintain
existing high-quality waters. It is not intended to apply to restoration of waters that have
already degraded.

Resolution No. 68-16 is an ARAR only for the discharge of treated groundwater that is
included in Alternatives 6, 7, 9, and 10 for IR Site 70 It will be discussed in this
application in Section R-B4, Action-Specific ARARs.
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R-B2.1.2 Surface Water ARARs Conclusions

Surface water discharge is included as a potential remedial action for IR Site 70
Discharge to surface waters must comply with the intent of CERCLA Section
121(d)}(2)(B)I and is codified in 40 CFR 131.36 (referred to as the National Toxics Rule
[NTRI)(57 Federal Register 60848). The federal ambient water quality criteria
(FAWQC) contained in the amended NTR are potential applicable federal ARARs for
discharges to surface waters. The WQCP for the Santa Ana River Basin (RWQCB 1995)
and the ancillary California Ocean Plan (WQOs (SWRCB 1997) are potential state
ARARs for discharges to surface waters.

B2.1.3 Air ARARs Conclusions

Air stripping and vapor-phase granular activated catbon (VGAC) are treatment
technologies being considered for groundwater. Direct discharge of air stripping tower
emissions into the atmosphere must comply with the SCAQMD Rules. SCAQMD Rules
212,402, 1303, and 1401 are potential ARARs for remedial alternatives being considered
under this action. SCAQMD Rules 212 and 1303 are federal ARARs because the U.S
EPA delegated them into the State Implementation Plan (SIP) under the Clean Air Act
(CAA), 40 United States Code (USC) 7401 et seq. SCAQMD Rules 401 and 1401 are
state ARARS because they are not included in the SIP. Mote specific information on
these requirements is provided in the discussion of action-specific ARARs.

B2.1.4 Soil ARARs Conclusions

Except for the no action alternative, all remedial actions being considered for IR Site 70
include construction of monitoring/extraction wells. Tederal and state requirements for
characterizing wastes will be applicable to the drill cuttings and contaminated personal
protective equipment generated from the implementation of the remedial action.

R-B2.2 GROUNDWATER ARARS

The ERSE (BNI 1999) indicated that groundwater beneath IR Site 70 is contaminated
with VOCs. Background information on IR Site 70 and the scope of this action are
presented in Section R-1 of this RFS.

Potential ARARSs for groundwater for this action at IR Site 70 were identified to provide
information for decisions regarding cleanup levels for groundwater remediation. Federal
and state ARARs for groundwater are discussed in the following sections.

R-B2.2.1 Federal

One of the significant issues in identifying ARARs for groundwater under the SDWA
and RCRA is whether the groundwater at the site can be classified as a source of drinking
water. U.S. EPA groundwater policy is set forth in the preamble to the NCP (55 Federal
Register 8752-8756). This policy uses the groundwater classification system set forth in
the draft U.S. EPA Guidelines for Groundwater Classification under the EPA
Groundwater Protection Strategy (U.S. EPA 1986). Under this policy, groundwater is
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classified in one of three categories (Class I, II, or III), based on ecological importance,
replaceability, and vulnerability considerations. Iireplaceable groundwater that is
currently used by a substantial population or groundwater that supports a vital habitat is
considered to be Class I Class II consists of groundwater that is currently being used or
that might be used as a source of drinking water in the future. Groundwater that cannot
be used for drinking water due to insufficient quality (e.g., high salinity or widespread,
naturally occurring contamination) or quantity is considered to be Class II. The US.
EPA guidelines define Class Il groundwater as groundwater with total dissolved solids
(TDS) concentrations over 10,000 milligrams per liter (rng/L).

The aquifer underlying NAVWPNSTA Seal Beach (Orange County Management Zone)
is classified as a Class I aquifer and is designated by the RWQCB Santa Ana Region as a
potential source of drinking water, along with other beneficial uses such as agricultural
and industrial. The evaluation of ARARs for the Site 70 action is based on this
determination.

R-B2.2.1.1 SAFE DRINKING WATER ACT

MCLs under the SDWA are potential relevant and appropriate requirements for aquifers
with Class I and Class II characteristics, and therefore are potential federal ARARs.

The NCP states that MCLGs that are set at levels above zero should be considered to be
relevant and appropriate requirements for groundwaters that are potential sources of
drinking water (40 CFR 300 430[e][2][i][B) and 55 Federal Register 8750-8754). Some
VOCs of concern at IR Site 70 will have nonzero MCLGs. MCLGs for these chemicals
of concern are considered to be relevant and appropriate requirements.

Only the primary MCLs or MCLGs for VOCs (40 CER 141.12) are ARARs for this
action. MCLs for inorganic compounds specified in 40 CFR 141.11 are outside the scope
of this action. Furthermore, it has been determined that the Station has not contributed to
the regional groundwater TDS and nitrate contamination (BNI 1999)

R-B2.2.1.2 RCRA GROUNDWATER PROTECTION STANDARDS

In Title 22 Section 22264 .94, the concentration limits for RCRA groundwater protection
standards are set for RCRA-regulated units. These regulations state that compounds must
not exceed the background level of that constituent in groundwater or, if achieving
background is shown to be technologically or economically infeasible, sonic higher
concentration limit that is set as part of the corrective action program In no event shall a
concentration limit greater than background exceed MClLs established under the federal
SDWA (22 CCR 64435 and 64444).

The RCRA groundwater protection standards are applicable only for regulated units
managing hazardous wastes. These standards are not applicable because IR Site 70 does
not contain an RCRA waste management unit, and the wastes being addressed by the IR
Site 70 actions are not classified as hazardous wastes.

As described in the CERCLA Compliance With Other Laws Manual: Draft Guidance
(U.S. EPA 1988b), RCRA requirements may be applicable to CERCLA sites under two
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scenarios: first, if an RCRA-listed or characteristic hazardous waste is present, and the
wastes were managed at the site after the effective date of RCRA; and second, if the
CERCLA activity constitutes treatmnent, storage, or disposal of hazardous waste.

The CERCLA Compliance with Other Laws Manual: Draft Guidance (U.S. EPA 1988b)
further states: “....at many Superfund sites no information exists on the source of the
wastes. The lead agency should use available site information, manifests, storage records,
and vouchers in an effort to ascertain the nature of these contaminants. When this
documentation is not available, the lead agency may assume that the wastes are not listed
RCRA hazardous wastes. If the lead agency is unable to make an affirmative
determination that the wastes are RCRA hazardous wastes, RCRA requirements would
not be applicable to CERCLA actions, but may be relevant and appropriate if the
CERCLA action involves treatment, storage, or disposal, and if the wastes are similar ot
identical to RCRA hazardous wastes.”

Trichloroethene (TCE) is used in a variety of industrial processes, including metal
degreasing and dry cleaning, as an extraction solvent, as a refrigerant and heat-exchange
fluid, and in cleaning and drying electronic parts. TCE is the major component of three
listed hazardous wastes: F0O1 (spent halogenated solvents used in degreasing), FO02
(spent halogenated solvents), and U228 (commercial chemical product, manufacturing
intermediate, or off-specification TCE). To determine whether any of these wastes were
generated at the NAVWPNSTA Seal Beach and whether they were disposed of or
released on site, the available historic site information, manifests, and storage records
were reviewed during the preliminary assessment (PA) (JEG 1994). No documentation
on the specific source of the TCE released to groundwater was located. Therefore, the
DON has made the determination that the TCE in the groundwater should not be
classified as a listed hazardous waste.

The analytical data collected during the ERSE have been evaluated to determine whether
there is a potential for classification of extracted groundwater as a D040 RCRA
charactetistic hazardous waste due to concentrations of TCE.

The toxicity characteristic concentration for TCE is 500 micrograms per liter (ug/L).
Based on the ERSE data, this concentration has the potential to be exceeded only at
selected on-station wells screened in the shallow groundwater unit. If an extraction well
is placed in a location where the groundwater TCE concentration exceeds the toxicity
characteristic, that groundwater will be managed as a hazardous waste from the point of
extraction to the point where it blends with other groundwater, thereby rendering the TCE
concentration less than the toxicity characteristic concentration. For most locations,
groundwater TCE concentrations in the shallow aquifer are significantly below the
toxicity characteristic concentration. For the portions of the IR Site 70 plume where
DNAPL is suspected, solvent concentrations would be expected to exceed the toxicity
characteristic concentration. However, substantive provisions of Title 22 CCR Sections
66264.94(a)(1), (a)(3), (c), (d), and (e) are “relevant and appropriate” federal ARARs for
the Site 70 action with regard to groundwater because the wastes released into
groundwater, in particular TCE, are similar in composition to listed waste
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It is not technically or economically feasible to achieve background (i.e., nondetect)
levels of VOCs in the contaminant plume, Therefore, as provided for in 22 CCR
66264.94(c), concentration limits based on MCLs and nonzero MCLGs have been set as
the remedial goals for this action.

R-B2.2.1.3 CERCLA ALTERNATIVE CONCENTRATION LEVELS

Under Section 121(&)(2)(B)(ii) of CERCLA, an alternative concentration limit (ACL)
using a point of exposure (akin to a point of compliance) beyond the facility boundary
can be used where:

¢ there are known and projected points of entry of such groundwater into surface
water;

e there will be no statistically significant increase of hazardous constituents from
groundwater in surface water at the point of entry; and

* there are enforceable institutional controls to preclude human exposure at any
point between the facility boundary and the point of entry into surface water

There is no known discharge of groundwater to surface water in the vicinity of IR Site
70. Therefore, exposure-based CERCILA ACLs are not considered to be ARARSs for this
action.

R-B2.2.1.4 CLEAN WATER ACT

On 22 December 1992, U.S: EPA promulgated FAWQC under the authority of Section
303(c)2)(B) of the federal Clean Water Act (CWA) in order to establish water quality
standards required by the CWA where the state of California had failed to do so (referred
to as the NTR) (57 Federal Register 60848). These standards are discussed in detail in
57 Federal Register 60920-60921. The NTR was amended on 04 May 1995 (60 Federal
Register 22228). The NTR, as amended, is codified at 40 CFR 131.36. The FAWQC
contained in the amended NTR are potential applicable federal ARARS for discharges to
surface water However, none of the alternatives considered for this action includes
surface water discharge.

The applicability of surface water criteria to groundwater is discussed in Section
121(d)}2)(B)(1) of CERCLA, 40 CFR 300.430(e), and the NCP preamble (55 Federal
Register 8754-8755). FAWQC may be potentially relevant and appropriate for
groundwater only in the absence of promulgated MCLs or MCLGs. In such cases, the
FAWQC may be adjusted to reflect only drinking water use and used as rernediation
goals. For this RFS, the preliminary remediation goals for residential drinking watexr use,
calculated for those contaminants that do not have MCLs or MCLGs, have been used as
remedial goals satisfying the intent of the NCP preamble.

R-B2.2.2 State

Issues pertinent to identified potential state ARARs for groundwater are discussed in this
section.
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R-B2.2.2.1 WATER QUALITY OBJECTIVES AND RELATED REQUIREMENTS

WQOs and related requirements are discussed below.

Porfer-Cologne Waler Quality Contro/ Act

The Porter-Cologne Water Quality Contiol Act (Porter-Cologne Act) became Division 7
of the California Water Code in 1969. The Porter-Cologne Act established that each
regional board formulate and adopt WQCPs for all areas within the region (Section
13240). It also required that each regional board establish WQOs in the WQCPs that will
protect the beneficial uses of the water basin (Section 13241). It required that the
regional board prescribe waste discharge requirements that implement the WQCP for any
discharge of waste to the waters of the state (Section 13263), including discharges into
wells (Section 13382) New WQO’s defined within amendments to the WQCP (R8-
2004-0001) will be established for NAVWPNSTA Seal Beach Site 70.

The DON accepts the substantive provisions of Sections 13241, 13243, 13263(a), 13269,
and 13360 of the Porter-Cologne Act enabling legislation as implemented through the
beneficial uses, WQOs, waste discharge requirements, and promulgated policies of the
WQCP for the Santa Aim River Basin, SWRCB Resolution No. 88-16, SWRCB
Resolution No. 88-63, and state primary MCLs as potential ARARs. Where waste
discharge requirements are specified in general permits, the substantive requirements in
the permits, but not the permits themselves, are potential ARARs.

Comprefiensive Water Quality Corntrof Fan for Santa Ana Rrver Basin

The DON accepts the substantive provisions in Chapters 2 through 4 of the WQCP for
the Santa Ana River Basin (RWQCB 1995), including beneficial use, newly defined
groundwater manangement zones, WQOs, and waste discharge requirements, as potential
ARARs The beneficial uses designated for the Orange County Management Zone
aquifer ate ARARs for this RFS.

The WQCP for the Santa Ana River Basin was prepared and implemented by the
RWQCB Santa Ana Region to protect and enhance the quality of the waters in the Santa
Ana Region. This plan establishes location-specific beneficial uses and WQOs for the
surface and ground waters of the region and is the basis of the RWQCB Santa Ana
Region regulatory programs. The plan includes both numeric and narrative WQOs for
specific groundwater subbasins. The WQOs are intended to protect the beneficial uses of
the waters of the region and to prevent nuisance

The most serious water-relaied probiem in the Santa Ana River Basin is water supply
(RWQCB 1995, p. 1-10). Therefore, beneficial use and reuse of water ate key aspects of
the WQCP for the Santa Ana River Basin. NAVWPNSTA Seal Beach is located in the
lower Santa Ana River Basin. The subbasin potentially affected by the remedial actions
is the Orange County Management Zone The subbasin has the following beneficial use
designations (RWQCB 1995, p 3-28):

* municipal and domestic supply;
s agricultural supply;
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o industiial service supply; and
* industrial process supply.

WQOs have been established for the subbasin, The objectives for TDS and nitrates are
listed in Table B2-4.

Table B2-4
Selected Water Quality Objectives for the Crange County Management Zone
in the NAVWPNSTA Sail Beach Project Area
(units reported in milligrams per liter)

Subbasin Total Disselved Solids Nitrate ~ N

Santa Ana Pressure 500 3

Source:
RWQBC 1995, p. 4-41

Acronyms/Abbreviations:
NAVWPNSTA — Naval Weapons Stafion
The first WQCP for the Santa Ana River Basin was prepaied in 1974 (RWQCB 1974).
The 1974 plan contained WQOs for the Orange County Management Zone. The WQOs
were based on existing (1967 to 1970) groundwater quality The original WQOs
represented “the average quality of water in the zones being pumped

That is, the current groundwater quantity and quality data, based on use, were the
background data for establishing the numerical value[s]” (RWQCB 1974). The 1974 plan
stated, “The physical extent of these groundwater subbasins and the variations in quality
within each subbasin strongly suggest an averaging of the quality to allow the
establishment of stringent yet effective objectives for these waters” (RWQCB 1974).

Intended implementation of the WQOs included consideration of localized water quality
“The beneficial uses and water quality objectives set forth in this plan apply to general
areas. The Regional Board, in setting waste discharge requirements, will consider the
particular impact on beneficial uses within the irnmediate area of influence of the
discharge, the existing quality of receiving waters, and the appropriate water quality
objective” (RWQCB 1974).

At NAVWPNSTA Seal Beach, current groundwater concentiations of TDS and nitrates,
as reflected in monitoring data, exceed the WQOs at some locations. Based on the
discussion of variability in water quality throughout the basin from the 1974 plan, this is
not surprising. The elevated background concentrations of TDS and nitrates in the
NAVWPNSTA Seal Beach project area are not due to NAVWPNSTA Seal Beach
activities (BNI 1999). In some of the remedial alternatives considered in this RFS,
extracted treated groundwater would be discharged at locations that would not degrade
water quality at the discharge locations Discharge of treated groundwater would not
contribute additional solids or nitrates to the basin, and it would be consistent with
WQCP for the Santa Ana River Basin and the WQOs, as a reflection of average (not
uniform) water quality in the basin. TDS and nitrate concentrations in discharged water
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must not be markedly different from the concentrations in the receiving water, if the
receiving water violates WQOs. The discharged water must comply with SWRCB
Resolution No. 68-16 in areas of cleaner groundwater. See Section B4.7.2 for further
discussion.

Cleanup to below background water quality conditions is not required by the SWRCB
under the Porter-Cologne Act. Section IIL F.1 of SWRCB Resolution No. 92-49 provides
that regional boards may 1equire cleanup and abatement to “conform to the provisions of
Resolution No. 68-16 of the State Water Board, and the Water Quality Control Plans of
the State and Regional Water Quality Control Boards, provided that under no
circumstances shall these provisions be inteipreted to require cleanup and abatement
which achieves water quality conditions that are better than background conditions”
(SWRCB 1996).

Numeric WQOs have not been established in the WQCP for the Santa Aim River Basin
for VOCs. A narrative objective for toxic substances in groundwater states: “All waters
of the region shall be maintained free of substances in concentrations which are toxic, or
that produce detrimental physiological responses in human, plant, animal, or aquatic life”
(RWQCE 1995, p. 4-14).

As discussed above, the remedial action objectives for VOCs in groundwater are the
MCLs, which are designed to be protective of human health, and are more stringent than
the FAWQC for the contaminants of concemn.

State Water Resources Controf Board Resolufion Nos. G2-48 and 68-76

DON?’s Position Regarding SWRCB Resolution Nos. 92-49 and 68-16. The DON
recognizes that the key substantive requirements of 22 CCR 66264 94 (add the identical
requirements of 23 CCR 2550.4 and Section II1.G of SWRCB Resolution 92-49) require
cleanup to background levels of constituents unless such restoration proves to be
technologically or economically infeasible and an alternative cleanup level of
constituents will not pose a substantial present or potential hazard to human health or the
environment. In addition, the DON recognizes that these provisions are more stringent
than corresponding provisions of 40 CER 26494 and, although they are federally
enforceable via the RCRA program authorization, they are also independent[y based on
state law to the extent that they are more stringent than the federal regulations.

The DON has also determined that SWRCB Resolution 68-16 is not a chemical-specific
ARAR for determining 1esponse action goals. However, SWRCB Resolution 68-16 is an
action-specific ARAR for regulating discharged treated groundwater back into the
aquifer. The DON has determined that further migration of already-contaminated
groundwater is not a discharge governed by the language in SWRCB Resolution 68-16.

More specifically, the language of SWRCB Resolution 68-16 indicates that it is
prospective in intent applying to new discharges in order to maintain existing high-
quality waters. It is not intended to apply to restoration of waters that are already
degraded.
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The DON’s position is that SWRCB Resolutions 92-49 and 68-16 and 23 CCR 2550 4 do
not constitute chemical-specific ARARs for this response action because they are state
requirements and are not more stringent than federal ARAR provisions of 22 CCR
6626494, The NCP set forth in 40 CER 300.400(g)(4) provides that only state standards
mote stringent than federal standards may be ARARs (also see Section 121(d)}2)(A)(i))
(42 U.S.C. § 9621{(d)(2)(A)(i1) of CERCLA).

The substantive technical standard in the equivalent state requirements (i.e., 23 CCR,
Division 3, Chapter 15; and SWRCB Resolutions 92-49 and 68-16) is identical to the
substantive technical standard in 22 CCR 66264 .94. This section of 22 CCR will likely be
applied in a manner consistent with equivalent provisions of other regulations, including
SWRCB Resolutions 92-49 and 68-16.

State of California’s Position Regarding SWRCB Resolution Nos. 92-49 and 68-46
The state does not agree with the DON determination that SWRCB Resolutions 92-49
and 68-16 and certain provisions of 23 CCR, Division 3, Chapter 15 are not ARARS for
this response action. SWRCB has inteipreted the term “discharges™ in the California
Water Code to include the movement of waste from soils to groundwater and from
contaminated to uncontaminated water (SWRCB 1994). However, the state agrees that
the proposed action would comply with SWRCB Resolutions 92-49 and 68-16, and
compliance with the 22 CCR provisions should result in compliance with the 23 CCR
provisions The state does not intend to dispute the ROD, but reserves its rights if
implementation of the 22 CCR provisions is not as stringent as state implementation of
23 CCR provisions. Because 22 CCR regulation is part of the state’s authorized
hazardous waste control program, it is also the state’s position that 22 CCR 66264.94 is a
state ARAR and not a federal ARAR (United States v. State of Colorado, 990 F 2d 1565
[1993].

Whereas the DON and the state of California have not agreed on whether SWRCB
Resolutions 92-49 and 68-16 and 23 CCR 25504 are ARARSs for this response action,
this groundwater RFS Report for NAVWPNSTA Seal Beach documents both parties’
positions on the resolutions, but does not attempt to resolve the issue.

B2.2.2.2 PRIMARY AND SECONDARY STATE MCLS
Primary and secondary state MCLs are set forth in Title 22 CCR, at:
o Section 64444.5 (Primary Standards Organic Chemicals);

e Section 64435 (Primary Standards Inorganic Chemicals and Physical Quality);
and

s Section 64473 (Secondary Drinking Water Standards).
The point of compliance for the state MCLs would be the same as for the federal MCLs.
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B2.2.2.3 STATE WATER RESOURCES CONTROL BOARD RESOLUTION
NO..88-63

SWRCB Resolution No. 88-63 states that water sources that contain TDS exceeding
3,000 mg/L (or having electrical conductivity of greater than 5,000 micromhos per
centimeter) or a yield of less than 200 gallons per day (gpd) are not reasonably expected
by the RWQCBs to supply a public water system. The TDS concentration in the Santa
Ana Pressure aquifer is generally less than 3,000 mg/L. (ENI 1999). Therefore, the Santa
Ana Pressure aquifer is a potential source of drinking water.

However, federal aquifer standards as defined in the NCP preamble and the Office of
Solid Waste and Emergency Response (OSWER) Directive 9283.1-09 determine that
federal MCLs are principal ARARs when a state does not have a US. EPA-endorsed
Comprehensive State Groundwater Protection Program. The U.S. EPA guidelines
stipulate a higher TDS value (up to 10,000 mg/L) and a lower potential yield (150 gpd)
for the primary definition of potential drinking water sources. The federal aquifer
classification may be more restrictive since it stipulates both TDS level and yield as
criteria for aquifer classification. Hence, the federal standards are more restrictive and
applicable

R-B2.2.2.4 TITLE 27 CCR, DIVISION 2, SUBDIVISION 1, SECTIONS 20380(A) AND
20400(A), (C), (D), (E), AND (G)

The DON has reviewed the provisions of Title 27 CCR, Division 2, Subdivision I,
Sections 20380(a) and 20400(a), (c), (d), (e), and (g) and determined that they are
identical to those found in Title 22 CCR Section 66264.94(d)(1),(2), and (4), and (e)X1)
and (2} Also, 23 CCR 20405 is not more stringent than 22 CCR 66264.95. Those
requirements of Title 22 are considered to be federal ARARs because they are part of the
authorized state program under RCRA. :

Because the requirements of Title 27 identified above are not more stringent than the
federal ARARsS, the Title 27 requirements identified above are not ARARs for this RFS

R-B2.2.2.5 TITLE 23 CCR, DIVISION 3, CHAPTER 16

Chapter 16 requirements are intended to protect waters of the state from discharges of
hazardous substances from underground storage tanks (USTs).

The DON does not consider Chapter 16 requirements to be ARARs for this RFS because:
e source areas such as leaking USTs are not part of IR Site 70; and

* most of the requirements in Chapter 16 are procedural (i.e., permitting, tank
testing, notification, reporting, and use of cleanup funds)

B2.2.2.6 STATE ACTION LEVELS

DTSC state action levels (SALs) are TBCs for contaminants of concern in groundwater
that have no state MCLs (RWQCB 1994). SALs are nonenforceable, health-based
guidance numbers for drinking water. Several of the detected constituents in
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groundwater do not have state MCLs. Because the NCP states that MCLGs should be
considered to be relevant and appropriate for the groundwater in the aquifer, the MCLG
instead of the SAL is determined to be the relevant value for determining remedial action
objectives for the aquifer However, because of the policy of Cal-EPA that any public
water system not meeting SALs is required to take corrective action, the SAL would be a
requirement for the produced water distributed by a water purveyor. The SAL would not
constitute an ARAR, however,

B2.2.27 GENERAL GROUNDWATER CLEANUP PERMIT

RWQCB Santa Ana Region issued the General Groundwater Cleanup Permit (General
Permit; Order No. R8-2002-0007, National Pollutant Discharge Elimination System
[NPDES] No. CAG918001, 23 January 2002) for the treatement of groundwater prior to
discharge The Board adopted two amendments to this permit: Order No. R8-2002-0033
(General Waste Discharge requirements for the reinjection/percolation of extracted and
treated groundwater resulting from the cleanup of groundwater); and Order No. R8-2003-
0085 (correction to the maximum daily effluent concentration limits specified in Order
No R8-2002-0007). In previous communications, Department of Navy correspondence
5090 Ser N45S5/0224 5 June 2002 to Mr. Gerard 1. Thibeault, Executive Otficer of the
CRWQCB - Santa Ana Region, the Navy contended that a General Groundwatet
Cleanup Permit (Monitoring and Reporting Progiam No. R8-2002-0007-002) was not
applicable to the Installation Restoration Program (IRP) at Site 70. However, the Navy
accepted the substantive requirements in the permit, such as dischatge standards, as the
ARARs.

B2.3 SURFACE WATER ARARS

Surface water discharge is included as a potential remedial action for IR Site 70.
Discharge to surface waters must comply with the intent of CERCLA Section
121(d)(2)(B)i and is codified in 40 CER 131.36 (teferred to as the NTR) (57 Federal
Register 60848). The FAWQC contained in the amended NTR are potential applicable
federal ARARs for discharges to surface waters. The WQCP for the Santa Ana River
(RWQCB 1995) and the California Ocean Plan (SWRCB 1997) are potential state
ARARS for discharges to surface waters.

R-B2.4 AIR ARARS

For this RFS, the chemicals of concern in groundwater are VOCs. Air stiipping is one of
the treatment technologies being considered for VOC removal in both the shallow
groundwater unit and the principal aquifer treatment plants; therefore, there is the
potential for VOCs to be released into the air. Particulate matter, carbon monoxide,
sulfut dioxide, and nitrogen dioxide are not expected to be released from the groundwater
during treatment, so the requirements controlling those releases are not addressed in this
ARARSs evaluation

ARARs for air are discussed in greater detail under action-specific requirements.
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B2.4.1 Federal

The CAA and RCRA air emission requirements are discussed below.

B2.4.1.1 CLEAN AIR ACT

The CAA establishes the National Ambient Air Quality Standards (NAAQS). NAAQS
are not enforceable in and of themselves; they are translated into source-specific
emissions limitations by the state (U.S. EPA 1990a). Substantive requirements of the
SCAQMD rules that have been approved by U.S. EPA as part of the SIP under the CAA
are potential federal ARARs for air emissions (CAA Section 110). The SIP includes
rules for emissions restrictions for particulates, organic compounds, and hazardous air
pollutants, as well as standards of performance for new sources.

SCAQMD Rules 212 and 1303 are federal ARARs because U.S. EPA approved them as
components of the SIP under the CAA (40 USC 7401 et seq.).

B2.4.1.2 RCRA AIR EMISSION REQUIREMENTS

RCRA air emissions standards for vents or equipment leaks pertain to equipment that
contains or contacts hazardous wastes with organic concentrations of at least 10 percent
by weight. Groundwater extracted from extraction wells is not considered to be federal
RCRA hazardous waste. Furtheimore, the concentration of organic contaminants in the
groundwater does not exceed ID percent by weight. Therefore, this requirement is not an
ARAR.

B2.4.2 State
RCRA requirements and SCAQMD rules are described below.

B2.4.21 RCRA

State RCRA requirements are considered to be potential federal ARARs because they are
included in the authorized state RCRA program and are discussed previously under
federal ARARs.

B2.4.22 SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT

SCAQMD Rules 401 and 1401 are state ARARs because they are not included in the STP.
More specific information on these requirements is provided in the discussion of action-
specific ARARs.

R-B2.5 SOIL ARARS

The key threshold question for soil ARARSs is whether or not the wastes generated by the
IR Site 70 remedial action, primarily soil cuttings from well installations, would be
classified as hazardous waste. There are no soil removal (excavation) actions being
considered as part of the remediation. The soil cuttings may be classified as a federal
hazardous waste as defined by RCRA and the state-authorized program, or as non-RCRA,
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state-regulated hazardous waste. If the soil is determined to be hazardous waste, then the
appropriate requirements will apply. The same classification determination will be made
for spent activated carbon.

R-B2.5.1 Federal

As presented in the Section R-2 of this RFS, no documentation of waste-disposal
practices exists that would serve to classify or identify the source of the contamination in
IR Site 70. The DON has assumed that, for the purposes of this RFS, the wastes are not
listed hazardous wastes, unless further information becomes available to change this
assumption. '

A second part of the hazardous waste determination is whether the soil cuttings or spent
activated carbon could potentially be a characteristic hazardous waste. The soil cuttings
do not meet the federal or state characteristics for ignitability, corrosivity, or reactivity.
If the soil cuttings exceed their respective toxicity characteristic leaching procedure
(TCLP) and solubility threshold limit concentration {STLD) limits, the material would
then have to be managed according to RCRA hazardous waste management regulations.
Waste soils and spent activated cartbon will be tested, however, to detetmine whether they
are hazardous wastes.

B2.5.2 State

Some of the soil cuttings and/or the spent activated carbon may not fail the federal
hazardous waste testing, but could be classified as a California-regulated non-RCRA
hazardous waste. The material would then have to be managed according to California
hazardous waste management regulations and disposed of in a Class I landfill. Spent
activated carbon that is regenerated off site may also have to be managed according to
California hazardous waste management regulations.

R-B3 LOCATION-SPECIFIC ARARS

Potential location-specific ARARs are identified and discussed in this section. The
discussions are presented based upon various attributes of the site location, such as within
a floodplain. Additional surveys will be performed in connection with the Remedial
Design and Remedial Action (RD/RA) to confirm location-specific ARARs where
inadequate siting information currently exists, or in the event of changes to planned
facility locations.

R-B3.1 FEDERAL
Potential federal location-specific ARARSs are summarized in Table R-B3- 1.

Pertinent and substantive provisions of the following potential ARARs were reviewed to
determine whether they are potential federal ARARSs for the IR Site 70 groundwater RFS:

s Title 22 CCR 66264 18 (a), (b), and (¢} (Hazardous Waste Control Act
[HWCAD
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» 40 CFR Part 6, 6.302 and Appendix A, excluding Sections 6(a}(2), 6(a)(4), and
6(2)(6); Executive Order 11988, Protection of Floodplains; and Executive Order
11990, Protection of Wetlands

* 36 CFR Part 65 (National Archeological and Historical Preservation Act)
e 36 CFR Part 800 (National Historic Preservation Act, Section 106)
¢ 16 USC Section 1536(a) (Endangered Species Act of 1973)

e A0CFR 230 10, 231, 231.1,231.2, 231.7, and 231 8 (Clean Water Act Section
404)

¢ 50 CFR Section 35.1 et seq. (Wilderness Act)

e 50 CFR Part 27 (National Wildlife Refuge Systemn)

s 16 USC Section 662 (Fish and Wildlife Coordination Act)

e 16 USC 1271 et seq. and Section 7(a) (Wild and Scenic Rivers Act)

s 16 USC Section 307(c) and Section 1456(c); 15 CFR part 930 and Section
723.45 (Coastal Zone Management Act)

e 16 USC 3504 (Coastal Barrier Resource System)

e 16 USC 461-467 (Historic Sites, Buildings, and Antiquities Act)
s 16 USC 403 (Rivers and Harbors Act of 1890)

e 16 USC Section 703 (Migratory Bird Treaty Act of 1972)

* 16 USC Section 1372(2) (Matine Mammal Protection Act)

e 16 USC Section 1801 et seq. (Magnuson Fishery Conservation and Management
Act)

Requirements that are determined to be ARARs or TBCs are identified in Table R-B3-1
in the column denoted by the heading ARAR Determination. Determinations of status for
location-specific ARARs were generally based upon consultation of maps or lists
included in the regulation or prepared by the administering agency. References to the
document or agency consulted are provided in the Comments column and in footnotes to
the table. Specific issues concerning some of the requirements are discussed in the
following sections.

B3.1.1 Floodplains

The requirements of actions taken within a floodplain (40 CFR Part 6[b], 6.302, and
Appendix A) address the potential impacts on floodplain beneficial use (flood control,
water quality, and habitat) that could be affected by site remediation.

NAVWPNSTA Seal Beach is outside the study area and is designated “Area Not
Inciuded” Therefoie, the areas are in a location for which flocod hazards are
undetermined. However, it is noted that areas directly adjacent to NAVWPNSTA Seal
Beach IR Site 70 within the Seal Beach city boundary are mapped as “Zone X” — areas
lying outside the 500-year floodplain.
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R-B3.1.2 Historic and Cultural Resources

The National Historic Preservation Act requires federally funded projects to identify and
mitigate impacts of project activities on properties included in or eligible for the National
Register of Historic Places.
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RFS/GeoSyntec Consultants
NA47408-04-C-7526
Date: 08/25/05

Appendix R-B  Applicable Or Relevant And Appropriate Requirements

The National Archeological and MHistorical Pieservation Act requires federally funded
projects to identify and mitigate the impacts of project activities on significant scientific,
prehistoric, historic, or archeological data. An archeological survey was conducted for
portions of NAVWPNSTA Seal Beach (Ogden 1995). As indicated, a total of 186 of the
250 structures addressed in the survey (including both IR Site 40 and IR Site 70) were
eligible for nomination to the National Register of Historic Places as contributing
elements to a historic district. Structures included at IR Site 70 were designated.

R-B3.1.3 Critical Habitats and Endangered or Threatened Species

Biological resources and sensitive habitats at NAVWPNSTA Seal Beach were identified
through field reconnaissance surveys performed in May 1992 and 1994. Personnel from
the California Department of Fish and Game and the U.S. Fish and Wildlife Service were
also contacted. Two published databases were consulted: the California Natural
Diversity Data Base and the California Wildlife Habitat Relationships System. Based on
these surveys, none of the IR Site 70 RFS arcas were identified to contain habitat that
may support special-status species. However, five species of birds and one species of salt
marsh habitat plant (classified as endangered either by federal or state agencies) are
known to inhabit NAVWPNSTA Seal Beach (BNI 1999)

No federal- or state-listed species or species proposed as rare, threatened, or endangered
are known to live in the immediate project area The requirements pertaining to biological
resources are therefore not ARARs.

B3.2 STATE

Potential state location-specific ARARs are presented in Table R-B3-2. Potential
location-specific ARARs identified from the state include the WQCP (RWQCB 1995),
the Ocean Plan (SWRCB 1997), the Coastal Act of 1976, and the Endangered Species
Act. These have been discussed in Section R-B2.

R-B4 ACTION-SPECIFIC ARARS

State and federal potential action-specific ARARs for IR Site 70 are presented in Tables
R-B4-3 and R-B4-4 Potential federal action-specific ARARs for IR Site 70 are
evaluated in Table R-B4-3. Potential state action-specific ARARs are evaluated in Table
R-B4-4. A discussion of the requirements that have been determined to be pertinent to IR
Site 70 action is presented in this section for each alternative considered for detailed
evaluation A discussion of how well each alternative satisfies the requirements that have
been determined to be ARARs is provided in Section R-5 of the RES.

page R-B-36 Revised Appendix B — Final GW RFS Report IR Site 70, NAVWPNSTA Seal Beach, SB

C:rtwb\iinal RFS\2005-RFS-Appendix 8-25-08-05.doc



LE-g-Y efed

o0p°G0-80-S2-g Xpueddy-SJH-G002\SHY BUINGMIND

€S ‘yoeag 28S V.LSNAMAVYN ‘02 OlIS HI Hodey Sdd MD [eul — g xipueddy pesirey

"UBA00 U] UT SUIBUTILIS) S19)8A SORLIMS 0} Jajempunold pojean
Jo 981euosIp W yMsal Aew 0/ S3S Y] 18 PIIONDUOS 24 0} SUOTIOE [RIPlIal 37,

e 89S VISNIMAVN 12 WRISAS JjemDIimoId Mofeus

a1 o3 A1dde osTe sasn esoy, 'Arddns sseocrd rermsnpur pue ‘Ajddns 951A108
rewmsnpur ‘Arddns rermmouge ‘(erem Supjuup renusiod) asn onsswop/redionmmu
AT Uo7 Juatefeuriy ANMOY) 2FURI AN JOJ $35N BIOYUSQ Y],

SV e uerd wseq 91p 0 ¢ ySnony g siaydey)) wr suotstaoId JATIIEISONG

qvdy

AvaY

920-L6

"ON HOTNIOSTY
gOUMS

IR 200
EIIOIIE)

"1000-700Z-84
P ‘C300-£00T
-9¥ '£E00-200C
-84 ‘1000-200T

-9y Surpnyow
SIUSUWIPUSUIE
pue

{ueid wseg)
uiseq euy
BIUESG A4 10]
g [oTU0]y
Anendy 1ste

“Karend

Jo1em Surjoayre
AEenuaod
a8renosiq

“SIFEM UBI20

21 ONE 2j5EA JO 2FIRUISIP
J0 Tonuoed 21 Sunmbal
‘areig ot Jo ordoad oy £q
JusuIAolua pue asn JOJ s1dlem
UBa00 21y Jo ArEnb aul

Jo uonasiead oW 107 SApIACI] SINEAN [BISEOD) PUB UBID0)

LG6T JO UE]d UESI() BTUIOJIET)

's3t0f[0d pUE

steTd JONued LIEnD Iem SpIMTRIS

$2ILIOAI0OUL pUR ‘SasN TRISLjauaq

10a101d pue seandefgo Anenb

JTe, 199U 0F SUBIC UOLRITQUI UL

SOUSTQRIST "SPIRpUR]S

TEOLISTUINU PUE JATELIEU SUIPIuT

‘saAT109(q0 ArTenb Joyem SaUsTIqRIST

"I3jBM S0BLINS PUR JSRMPUNOIS Jo

5257 [EI01JaUaQ SAYSTqeIsy "uoiSay

TRISAS IR M, OT[qNg  BUY BIURS UT SUTSEQ J3TBM SIGLINSa(]

+ UOISN] BUY ejuEs ‘pIcog [00uo]) Aend) 1ajes [euordoy] erIIoJIe) pue pleog [0JJU0)) SINNOSFY 1BAL NIS

"$30IM0S21
¥'999¢1 TEISE0D BIUOJIE)) Ul SIS2IaUT
-100€T DD +1 TeuOneU PR 2815 109101d Oy
‘0060%-0000€ PR SIojem [RISECD U0 sjoedulr
SUOTO3S 2P0 TROYTUSIS IO [OQUOD 03
Sa0Inosay JUSHEGOTIASD 1M PRJBIDOSSE
"9IMmeIs S AQ PIUIAA0S Base U UT JOU s1 9315 jooford oy, DL amand SINTANOL SAIBIMEaY QU077 [BISEO))
% 9L6T JO PV [¥)5e07) BNLIOfe
“Josiauy
onpoad 10 wed 10 sewads
sa1zads para§uepus 8607-0507 pRURIRaI) 1O parsfuepua Aur
saoddng WMN Uoeag 1298 VISNIMAVN UL 1eN]ey 10 $9103ds parofuepus SUON03S 89P0 §821 JO ‘ss3550d “axye) ‘wodxs
pasT-eIoq e, Boddns yew seare 12ag7e ST SUOTIOR [RIPSWRI {7, 9115 YT DEl Aurer) pue UsLy “podut [fBYs 1osted oN TeqeLy
1V 5913dg pataduepus] BNIION[E)) SNODILZEL]
STUSTITO. ) =o_ﬁ=¢=m.ﬂuum uonE) ansmbataag JuanImMbay uore0]

SHYHVY duadg-uoneso sjeig [enuaiod
Z-eg9-4 a1gel

§0/52/80 BrQ
9gGL-O-v0-BOPLYYN
SENSUC) & TS08Y/SdH

sjuswalinbay ajeudoiddy puy ueasY 10 ejqeoddy  g-y xipuaddy



20p'G0-§0-9-d X{PUBddy-SH-5002S 4L RURGMND

gS ‘yoeed [B9S VISNdMAVYN ‘0. 84S Hi Hoded S4y M9 feuld — g xipueddy pesiaey

8e-g-y ebed

AVAY UE 24 PNoM 041 UON02S “ois U0 s1ueid passduepus 1o aTel aIe 211 6]
JURTXD 2 O, "aNSST [2HUS0A ¥ St LONIUYSP SR ERAIM [[B] D[HOM JISUILIACS
TEIOPJ ) JO J{e2q U0 BUIOE SI0J0RNU0D JO JUSTNIRACS [R1aPa] 3U1 DUISYAL

"UOTRIIOSSE 3O adA) Jomo 10 sty ‘Auedurod LIqer psiaur ‘uoneiodion
‘diysseumred Jo uosiad Ternreu Aug se uosiad,, Jo uonnmgep auy sepracid £9
UO[ISG 2P0 JUlery pue Ysk] ‘a1ey JO Pausleary], ‘paleSuspuy 9q 0] parerap
UG SABY JBU) BIWIOJIFE,) JO sIueTd a1y Jo Sunsy e sopraoid 770.9 UOURS

‘1 DL suoNEMEY JO 3p0D enuoye,) 'sirid sATRE paRTuRpS 10 ArRI 23E)
0}  uos1ad,, Aue SUIPPIQIO] AQ WSWANNDII ANUEISANS B Sa504W0T 8061 Uonses

Jueaslal pue apqeordde ag o

sreadde UOKORS ST ‘STURITIIBIIOD JO NISTHIEOR SIATOAUT 2118 SH[ JO UOHRIPIULAT
A1) ISTRIAY TUSWANMDAT UQTON0K] [EIJUSUIIOIAUS PAjeSTU0NT ‘DATmRISqNS

® $IS0AUIT WOTID3S 9P SRIY, (C627 PZ A 288 (6861 ) Lousdy ronosioig
IDRIBUNONAUT] 1OIDUSTUIPY A IfIPIIA JO S4apuafar) “Suniel [RIUaploun
1039 ABUI ‘QUILIDANS B Yons “U0siod Jety) SeZmB00ar Me] [EIepa] 9UIod S uo
AJLIOUINE 3385 OU ST 21911 USTOYIY "ap0d 917 Uf PIUGep J0U §1 , 1ostog,, "SIy
SPNIOUT 0f §§ WOHDIE 9pOY) WD) pue Ysid £q pauyap st o3e],, uosiod Ag
Fupye) Sumpiuow ‘STewwen pup SpIg Jo Surel o $IqI o ToTRs 2p0d ST,

"I PIT X0 ‘3P WERTd “YS1Y 0) SNOLIS[AP DXL I8 STEUISIBUI JO S20UmISqNs
Jato Aue 1o ‘asnjar A10108] ‘sTUTARys poom ISTPMES ‘stanpold wmajoned
SE SA0UR)SANS PAJRIGWNUD ‘01015 ST JO S1238M o) 0Jul ssed uBd J1 UM
aor[d I0 ‘O §5Ed 0) MWLISK “wt Jisodep o), [IFMeNTn I SO ()$9S UoTIaS

"UONRZLISIORIEYD 9118 23 Uo spuaxdop

spprdordde pue 1UBASERI 5] ()G9S HOTIOS JO UOISTAIPQUS UOBS YITA 01 TSNS
Y ME] [BIAN3] UL JSFULNS SIOW ST JeU) PIEPUE)S € Sasodudl A11jIgeT] [BUILILR
101 Jo vontsodun sy, (g pg ddy 'mD cp (£861) unduioy ponusyy
UOIAZYD) A 2109 ]} *SIOTRTOTA U0 ATIFIQET] [EUTUILEY 1105 950G sjusuammbal
959Y [, "SIUSUAINDII WONIIOLI [2IUSUIUONAUS POjEETmuetd ‘DATIUBISINS

ale 353y, ((J)DS9S UOLDAG) SPIIQ IO ST GSTy OF SMOLISRA[aP ADURISNS

Aue pue {((Q)0$95 UoNIS) syl A10508] “((B)0S9S Uonag) sionpord umajoned
"0y 423u1 ‘JO SIRVEM DEIS OJUT UONISOUSP Ju) JIGR0Id SUOTOSS 9p03 958y L,

(8

Tonaes .G@mm
d 1811 0
‘LL61 ST Ka
POPPY) 8061
uoTRIg POy
wren) pue s

(500€

UOD3S ‘€€
d ‘95 10 *LS61
SIIS) S00€
uoToag 2P0y
SUIED) PUB STy

3w Q)
‘(®)0$95 2p0D
SWED) PUE YSL]

TEeNqey 10

$0129dS UQ JD3}9 SHOLRINRP
¥ QAR PINOM JEL) SHONSE
JO/pte §25Ealal OU 3q U
Q1) ‘SIIEId SATIEU JAIITUOD
01 U3NE) 39 SN UONOY

uostod Aq 3upye)

U SUIPOOUT “STEUITRW PuB
sp11q J0 Supe) ou 1qryoad
0] U2Ye) 8Q 1STHU UOT)oY

IBYIqEY 10 sot0ads uo 109530
STONIRIRTRP B 2ABY] PINOM TBT)
I5RITAI OU 20 UBD AT, WIS
A} JO SIATBM TS RO A1)
UM PRORT IR STRLIDIRUY
QTX0] J1 U9%E) 90 1SN UOTY

SIUB|J QATIBN] Iy

$3132dS SNPIIM

saadg
/FEIGRH dugaby

SJUILIUIO,)

SHYHY d|jjoadg-uolieaoc] ajels |epualjod
(panunuoo) g-cg-y slqeL

UOTJBUIILINA(]

VY uoyEI)

Juammbayy

uoyedr|

sjuswalinbay eeudoiddy puy Jueasiey IO eiqeoliddy  g-Y xipuaddy

§0/58/80 ®1eQ
925L-0-V0-80FLPYN

SUBYNSUND 08JUASCEY)/SHY



6£-g-y obed

20p°50-80-52-6 Xipueddy-SJH-S002\S Y BUIRGWIAD

gS 'yoesq [B8S V. ISNAMAVYN ‘0L 8US HI HodeY SJH MD [eul4 — g xipueddy pesiney

*A337e8 DU 13N UBWIMY 109101d O] J]qETRAE DOTHRUI ATIO U3 ST 201A9D

B UINS JO I8N 33 219UM 3§80 ATetproenxa aui wt Aidde jou [ uoniqmord smyy,
122 10 S0p AUR I0 ‘TEUIITEUI 2109104 “[RIILet Sure3-uou ‘feunus Juimaq
-1ty “[BunuEn Jures AUe 2Imdies 0) 30TA3P YOnS JO 950 Syl SZLIOYME 10 950

0] TUSUMUAA0T [21apa) 21 Jo sakorduzs we Suipniowr ‘uosiad Aue 10] [Imeun
st yew sapraold pue den Swddud £poq Aue jo asn oug snqryord uorees swy,

"V satoadg paraduepuy BTUEOHTE)) SU) JOJ SUONRMSS! UCHRIUaIa[di
S SIPIACIC “DaS 19 £§/ UOTIDRE ] O, SUOTRMSY JO 9PU7) BIWIOFIE.)

"pauaIeail) 10 par1afRpuL 3G 0) PAEIIIP BIUIONED) JO STRUITY
JO 3unsT ¥ SIpIAGIA $'0L9 UON0IS S SN, Suonem3ay JO 9P BNIIOHE)

"3Tey] 10 PAUSIEAN]], ‘PereSuBpuy 99 0} PAIETOSD BRUONEL) JO s1erd
AU Jo Bumst € sepiaold 7°0/9 UoT0eS 1 SPIL SUOUEMETY JO 30D} BILIOIED)

"JHRIOULIOD P2IS2I-9[nop

QU puE ‘wot[ad UMOIq BIUIOJIED a1l ‘uoope) sundarad ot ‘1) 5es] PO
QK1 JO 0URsAIA 3u] 01 anp oferrdordde pue ‘ueasrar ‘eqediidde pasapisuod

2Q pnous suonendar ¢1 IpLL, o1qeotjdde pue uonIes S, 1EIGEY 1Y) 10
$2102dS UO 1531J2 SNOTINI[AP B 3ABY PTNOM J2U) SUOTIOR JO/PUR SesEalal SIqujord
UON23s ST, "S10ads JU) SAIISUCD 0] UINED JOU 318 SUOTOR JI pajdaye Bulag jo
Tenu10d W 2ARY YOI BATE 91 UI SSL0adS POUSTBAI IO PAISTURPUS SIe 239y}
TRUR JUSINS 31} 0 WAL Pk S1qeot[dde ST uo1aas SNy, 198 257 JO Aue jo
IONE 3U) 0 “$3103dS POUIIRAIY) JO ParaSuepus U 2 0) SOUMLLIDISP UOISSIIIIIO)
3 JeW Joara PnpoId AUB JO (5910005 JUBTd SATIEY aXel Burpniour) satoads
Awe ‘a1e8 U ungqitas (195 40 aseudInd ‘uotssassod ‘oel 918 SHqIYoId wonaes ST

(8661 ‘7 "AON
‘128661 ‘¢
"AON] pasoidde
T UOTIOAS
‘dord) 1°€00%
GONDAG AP0
QUrey P Ystg

(7 uondeg
'0pzl 2

‘p8AT SIS 4q
D2PPY) 0307
TOIBS PO
auwegy pue ysty

sden) proudar
pome(-faa1s J0 st o JigroId
0] UXE] 2G ST UOTIDY

yenaey 1o $2103ds

T10 199712 SNOLIMIAP B ARy
PINOM 18Y) SUOLIR IO/PUR
$95BITRI OU 9Q ULD 2101
‘§9109dS PAISFUEDPUD SAIISUOD
0] U=3el a4 )snu EOEO<

$9102dG 2SO / TP

se10adg peroduepuy

SPUATIIO)

SHYYY oioadg-uolieoco ajels [ejjualog
(penunuoo) z-gg-Y ajqel

VOY U]

uonel)

Juawe mbay

woneo]

§0/52/80 81BQ
9254-0-v0-80YLPVYN
SURNSUOD 0~ *Ag0an/S4Y

sjuswalinbay e1eudoiddy puy jueaslay 1O s|qeaiddy  g-H xipuaddy



00P'60-80-92-B XIPUBTdy-SH-F00TSIH BURGMHLD

4s ‘yoeeg [eag VLSNdMAVYN ‘02 &UIS HI Hodey SJ4 M9 [Bul4 — g XIipueddy pasinay Ov-g-Y ebed
"JEL ¢ S8 papnisin oq pnoys pue ueidold EPUIPPY "SANTEA TRNqRY PUR
A101810321 ¥ 300 51 £510d SIL, "PUBTIaM B SE BAIR UR AJISSE[D 0} J3PIO U (3211 SpO7) Swrer) sfearor puenaMm §, BTUIOJIED)
TTe Weyy J9UIBT} RLISILED 983U JO SUC 18821 18 Jo soussad oy soxmbal pire ‘eusius PUR YsL Q0BT PUB 2101531
91qe1230A PUE ‘UONEPUTLI 10 UONEITIES ‘STI0S OLIPAY SOZI[IN YOTYM PURTIZM B JO PPN {861 93105 ‘Datesald 0] usy)
UONTUYP SALS[) &1 Silope 3 -anTea Jenqey 10 95ealde PueTiem JO HoTonpal PAIdopR) Adtog 9Q ST UOTDY “anTeA Teligey
B UT[NSI PIROM 18t PURTIM YO U0ISIeATioD JO Justudorassp A sasoddo SPURTIOM 10 288108 SPURTIaM JO  S50]
JIeyLmy BMUIOHTED) UNJeiqey PUeneMm JO UOTSUedxs pue JUIUIDORUa UOTSSIUTO.) 15U o1, ST 2131 JBT AINSse
‘UOTEIISAN ‘UoLeAIISaId ‘nonosod o) 10) sptacid o3 sxass Aorjod STy, WL PUE YST] (] UL} 9¢ ISNUL SUOTIOY SPUETIZM,
"2YIS AU T8I JO WO PUNOJ U JRIIGRY T2 10 SPIq Paiodiord AT[0y psuonuaul
8A0qe 3Y) JO Aue 1 RASTaY pue ojqeoriddy paIspIsuos oq [[im Mels
ST} ‘0, 211§ W punoy Aeord/ jou exe spIq pajeajord Ay otp Jo awos ySnoyiry
mel xeddepo eumy w
AT PAE-AIA, T
uems sojedwingy, vy
ar8ea preg waynog 7
Tres soddero pajooy Wiy T
SURID [[IPUES JMBID Y
a18es uapjon '8
UI9) ISBAT BRUOHRED ]
IOMIOD BRUONED) @
nes saddero eruopey  p Tonse
eI ¥OU[G BRUOH[ED "2 & _.ua ommwwmww
warad umorg (g ‘ .
. 0L61 SIS £g
uoorey sutiSarad ueotowy B DAPPY) 115§ sping patoatord
1SpIIq pRialeId Ay onIas 2P0 ATy 30 Suryer oy JusAard ®EIgeyq
Sumortoy a1p Jo Awe §53s50d JO 9] OF [TIJMETUN S1 1T JeU) SIPEAOI BONOSS SIYL SUTer) puee Ysig 0] U93E] 9q IS UORIY / Se100dg prig pastord Amd
SIUWIO)) :oﬁwmﬁ%uuﬁ UonBI) asmbagaag JpwImbay uones|

SHYHV olJ199dS-uoneooT 2)els [ejjus)od

(penunuoo) z-£g-y s|qel

sjuswaiinbay eyeudosddy puy WeAsiay JO ejgedliddy  g-Y xipueddy

§0/9¢/20 @1eQ
9254-0-0-80vLP VN
SIUBYNSUDS) 08IIAGO8E)Y/S Y



oOR"50-60-22-6 XIPuatdy-S-H-9002\SHH RURIMIND

Ly-g-H ebed gS "yoeed [e8S Y LSNAMAYN ‘0L ellS Hi Hodey S4d MO (eul4 — g Xipusddy pesirey
"C}RIa1j) JUBNSInd opeLL £05¢E pIIg Aue Jo s359 10 1sau
uonemSal Aue 10 apo3 ST Aq PAPIA0Id 9STMINUI0 sE 1daoxa ‘Diiq A Jo s380 UoTIRAS 2P0 31 JO HWOTIONRSIP 10 8] &)

I0 153U 31 JO UONONYSIP SSI[PAIL IO *UOISSISSOd “3xe] 1 SNQMOId Uonoas sy, JUWEL) PUB YST] PIOAE 0] UME) 94 ISTIUT LOTOY spag

“HIS 91 VAU 4O U0
PUNO} 3¢ TRy JI9Y [0 SURIqduIe 1o s9[0dal pajeaieid ATNY pauenusul 2A0qE

U JO AUR JTIURAITY P ojqeor[ddy PRropIsuod aq [[ia IMGEIS I QL S
w puneg ATpestd4) 10U are suetqydue pue safidal pelosiond Ajny awos ySnoyy

peo} Jovlg o
J3PUETIRIES JUOISIWI] P
Jepueimeres paoj-§uor zwy) elueg o

UGS
IMBUS I011eT 00STOURL] UBS  °q « .un .ommmwmw
pXez]] piedod] pasou-nmjg B “OLEL SIS AQ weIgdue 1o
iSuRIqIdUre PIPRY) 0505 ojdas peyoan0ad Ajry Aue o
Pie Soqndal pajoalond AT[ry are SumMmoT[o] Y], JoaIay; sikd 10 suRiqrydure uonIg 3P0 uorssassod 10 a3e) o) HsAaId suBIgIyduy
puE SoMdar pa1oa1exd A0y JO TOISS2s50d 10 /el AU SUQYoLd Uonoas STy, QUIBL) PUE UST] 0] US¥e] 9q IS SUOTIOY PUE 5303y pajoalold ATTnd
"211S 3 TR IO U0 PUNO 2T Qe 1ot I sTetuurett pajoajord Ajmy psuotjiuam
2A0UE AR JO AUR JI JURASISY puR 2]qeotddyy paapIsuod aq [[is SIngwls
ST ‘07, @IS UT punojy ATpeotd4) Jou ane stetmurewt pajoalond £jjny suwros uSnoyiy
QULIIATOM, T
JONC BIS WIAYINOS 'Y
asnowx umu_?-.m—._ UsIeul-jeg '8
UM WBUOgRed  F
O PopEY-BURy 9
T3S 1§ AnEPUD) 9 w0
Fess nreydars UIUMON 0 © d _%mw.ﬂmw
dasys woydiq uospN 1da0xs dasys wousrg g OLET "STEIS Aq owm Atz e passassod
Te1 comeSuey Aeq OUO ' PIPPY) 00LY JO UME) 318 STEUTUNRUN
'STETrew payostold ATy are SWImoroy S, 'sied HaUs JO STeRRIen UOH3S 2P0y payoaj0xd ATing oU 1By amst
paajond £y a1 Jo Aue Jo uotssessod 1o 9381 9 S)Iqoid uonoss sy}, AWED) puE YsLy 0] U] 39 JSUUI UoToY STRUIITRIA] P1o21014 AT
SJUIUNO) :c_ﬁw.ﬁmumﬁﬁ UoLeI) asmbarxg Juatmaambayy aonedoy

sHVHY oy1oadg-uoneso ajels [enusiod
(penunuoo) z-cg-d 2qe.L

sjuatusinbay s1endolddy puy weasiay 40 eigeonddy  g-H Xipuaddy

§0/5¢/8Q 81eq
925.4-0-v0-B0VLYVYN
SJUBYNSUGD = "Ag08E)/S4Y



00P'50-80-52-8 XPURCY-544-G00ZSIH PUINGMILD

gS ‘uoeed [ees VISNJdMAVN ‘0L 8 i vodey S44 mD [euld — g xipueddy pesirey

Z-g-y ebed

"HOISSIUWO? 1) AQ paidone SUONEMSaI (RIm 9OUEPIOISE Uf 10 Sp09 ST

ur papiacid se 1dsoxa passassod Jo taxe) aq j0u Aeur ‘sired 1ot 10 ‘STewTTaT
95, “S|ewIUrR FULRIG-MTY JO 'STRTIIEW Papat0sd ATJ ‘Sienmeur sums
10U 312 UOTUA BILLIOJIE) UL A[RIeT SULLIN0S0 950U) 318 STRUIIENT SURF-UON

S30p JO 381 U3 (I 10 IRIIad fadoid B 1apun tosiod ‘MOLE PUR M0Q W] B
‘den e Is A0 USE) 99 Aew Teurrenr Sureaq-my  jeys sopiaoid uooas st

u0B03301d Jo prepuels

TeIaDS] U1 Uetn JUSSHILS IOUI ST Jey] JURIX9 AU} 03 YYYV U8 UOTAs S
SUn{Ewr pIepIRIS [219DaY o1 18 P30at0Id 9q (s werd 31 UT papidM SA09dS 19y
UONRAIISIO)) 1P| PUE USL [RI9p3,] Ju) 0f juensmd pajy we[d UonBAIasuo,)
STPIIA PUR ST SUL UT PIpToW Uaaq J0U aAey seroeds yons puw ag1s

217 IeaU I0 U0 PALIOT 27k $T50 o J0 spIiq awreS-uou Ji jueasisr pue sjqeondde
$1 101098 SN, "Jumurn 03 pajeres sueid uomeSuRn FUmzou0s sjusmamber
sapracad Jouung uonaes S, uNIedsp au 4q paaoidde ueid uoneSnm

B UHEA SUOTRICO SUIIT OF Pajeral Uotm JO “TOTSSIUIUIo? 91 JO Suonenser

[31M SOUBPICOOE U 3a0%3 ‘SPHIQ Jwed-uon Jo 93e) oy SHIqUI0Nd UONDas ST,

IS AU FESU JO U0 POJedo] are T3 maty Jo sa1vads yons Ji JUBASISL pUB
aqqeardde o JTim uonoes sTf, rojera juensmd pAKoDE YoTRMEA AU JO 9p00
ST AQ papiAcId SSTMISTIO S8 Kleoxs pIiq yons AUE 1o 332 Jo 194 o1 Lonsep
J0 's55550d ‘98] 01 I0 (A210-JO-SPIIQ) SAMOLIFING 10 SHUOIRICOE,] JO SI9PI0
o1 UI SpXIQ AU JO UOTIOTLNSSP 10 ‘ToTssassod ‘ovye) auy shiqyoid ToTjoas STy

(1z

uonag ‘L06T
'doLp1 0
‘1461 'STIS £q
DIPPY) 051H
c..oﬂuum uﬂOU
Wk pue Ysy|

Soov OIS
08¢ 'd ‘9gp
0 L561 'SIMI)
‘beg 1 gooF
ﬁo.noum Ipoy
QUIED) PUB YSTLY

(€1

UOKIIS ‘G067
‘dioLyt
‘1L6T s &g
PIPPY) 008E
Honoss QUOU
QUIEL) PUB YSL]
(9 uonoeg
PEET 0

‘$861 SIS AQ
DRPPY) $'E06E
UOTIRS 3P0
SUIBL) PUE UST]

SrewIue gured
=UO1 JO U0ISsIssod 10 axes o)
PIOAR O] U2YE] 24 ISTW UOHDY

Bl 3G ABWI
STEWIIRTE SULRSq-ITY TOTYM
IaPUN SIPUUTBUL SIPTACL]

spIq
JUIES-UOK JO 9B} 91 Ak
0] U23e) 3q JSNW SUOHIY

§330 1ot Jo Asxd

-JO-5pI1q AU JO UOTONISIP 10
"UOTISSSSON ‘aye] o JuaA1d
0} U2Y®] 3q ISNUI UOI0Y

S[UUTLIBJA] SUTEN)-UON

STeUIUIR]A; SuLreag-m,J

SPI HIMRD)-UON

A21g Jo spug

STHALING,)

SHYBY dj10adg-uopieso ajels [enuaiod
(penunuoo) z-gg-y 2iqe,l

UONEUTBLIB)A(]

uone
AVIV neid

tudnrdImbay

uoe0Y

sluewalinbey eleldolddy puy jueasiey JO ejqeoliddy  g-y xipuaddy

S0/52/30 eyeQ
98GL-0-vO80FLYUN

SJUBYNSUOY 29AS00D)/S-J4



£¥-g-H ebed

30P°G0-80-GZ-8 XIPUSCdY-S4H-G00RS I [BUAIMIND

ds ‘uoeeq [eeg YISNdMAVYN ‘0 8IS Hi Modeyd S4H MY [euld — g xipueddy pesiney

suoTRmIDI

259U 10 apoy) SUIE) PUe YST U U PapIA0Id SSIMISUIO S8 10 ‘Suoneiuder

3531 JO €8 10 'L'0L9 ‘059 SUOBIAS YD) 1 ML 01 juensmd pansst
WsuIedap U woy 1umad renads opun ssanm joaray sured Jo ‘werqrydue o
amndar aaneu A wodya 10 ‘podr Jodsuer ros ‘oreSedord ‘seyomd ‘ssossod
‘amlun Jo [ji A[Teuoniuaiun 4097702 ‘amyded 0 [njmerun Jt seyeur uonemdar suyy,

“UOISSTUILIOY 91}
Aq paxdope suonender 01 102(qns 2q [YS UOTIOIS ST 01 JuensInd SIRIGIUIATL
yons Jo Surpue] 10 ‘Burssassod ‘Burde) 21, 'PAnSST U3aq ey ITULIad 1RIgaAlT
[EP1 PI[BA ¥ $$9TUN ‘SIRIGOMIAUT JAUI0 JO *SURIDRISIID ‘sYsnfjow I3ideyd

ST U pAIuraad ATSSaIdxa 9STMIIIO SSITUM a3k} 10 $5assod O [Njmerum s3]

298 9

T2all 10 L0 PUNOJ 218 JEILRY JHL) 10 STRILIRW P SpIIq SUres-uot pauoTjuat
aA0qE 91 JO AU J1 JueARTay pue sfqeoniddy oq (i sImgels suy 0L g

ut punof Afpeord Al 10U oxe STEIIUIRUE DUE SPUIG SUIeS-tou A JO SWos ySnoyy

WAy} axe] 0] uosiad 1910 Aue SURZIIOYINE JO SMOI0

MRIUSIY AR SUTE) 21013q JTULI2A UOTIRPRICAD PAq L1012 [2I1opod B Urelgo
TTEYS SIUs) IO SISUMOpPURT ‘SUCHEMED! [RI9p9] AQ PAImbal J] S0URSIU JII0
JO pIezey I[eay B annsued 0} §8 JSUUBMI PUB SIIQUINU YONS Ul PAIBXUa0U0D
UM IO “AT[PIIM JO *HOOISAAT] ‘SdOID TRIMNITIFR *53a1} SPRUS [RITAUIRILIO

uodn SUOTEPaIdap JIULICO 0] INCQE 10 FUNIILOD OI8 SMOID UBOLISULY

UIYM ‘SIURUD) JO SIFUMODUE A DIZIIOUINE HOSIA 1O ‘SIUBL) IO SISWMOPUE]

AQ PUE R UOTORS JO SUOTSIAOIA I9PUN ATUO UXE)} 94 ABUI SMOID UBMISUIY ‘P

pue 1ok [Te USYE] 30 ABw §120T T819] pue ‘IUB) ‘UOQNOW ‘PRPNOY D

{HOSEDs Jap [eIousd

A A ATILDIMAUOD USYE] 29 ABUT 139 STXR PUR YIS ‘TRGUIBS ‘MO[Ed ‘G
H{S21030S PAUAILAIN 10 ‘PRIAZUBPUD *SIATRI(IN] SB

P2JST] 9SO} PUR ‘STaInnbs SUTAT) PUB 931} SSPNJOXS) SIUIPOI Pue sajowr ‘wnssodo
‘SHUTLYS ‘STasBaM ‘910400 ‘Buress ‘mosreds ystSug ¢ mdey)) w paplaosd

S8 020X UaXR) 9 AP S[PUILITT DUR SPIIQ JRE-uod SUImo[[o] oyl '®

“Ta3E) Q 10U AvUr STRUIUIRUT U spiq sured-uon yey) sopraoxd nonemIey syl

(FLNOG/ED
AT
paeuSisap
OF U0nag)
Ot SUOR2Ag
A0 H1 9L

(zLel

AR s
uoi03s ‘OEPT
d gyl 0
TLOT SIEIS Aq
P3PPV) 0058
UoT23g PO
SUIBY) PUE YSL]

YLO/LO
SATISIH TLY
uonag (WD)
suonemaay J0
2P0 BRUOIIED
1 QUL

suIqrydune pajoaod
JO 1o1SSagsod 10 €] sy

P10A® 0] Uale] 24 15Tl T0TI0Y

SARIQILIDAUL J31J0

10 ‘SUBIORISTUD “SHSNITOTK

Jo uorssassod J0 o] 91

PIOAE (] UaNe] 3 ISNUI UONSY

suoremsan afqeoydde w

PIPIAQIA e 120X STeTett

Qured-uou Jo aye} At

PIOAE O] UJHE] 3¢ ISTW UONoY

SUBIQIUATTY Pojoalold

SSILIGONSAN] [BPTL,

STRULTUY SUEBD)-UON

SHURUC)

SHVHY dloadg-uojeso] ajels [ejudlod
(penunuod) g-£g-y 9|qe,

TOLRUNILINA(

uonel)

wauRImbayy

uonEI Y

G0/5e/80 @1eQ
9254-0-v0-80VLPVYN
SJUBYNSUOD & "S095/S4Y

sjuawainbay ajeldoiddy puy weasjey 10 sjqeoddy  g-y xipuaddy



20p’50-80-52-8 Xipueddy-5J5-5002\S Y BURGMND

gS ‘uoesg oS Y LSNdMAVYN ‘0L 81S Hi Hoday S44 AD [euld — g xipuaddy pesiasy

y-g-y ebed

i

PaJspIisuod eq o} - Ng [
pleog [0JU0D) S90IN0SaY I91B M S1RIS — gOHMS
afinjey ajip|Ipm [BUOREN — HMN

yoeeg [eeg uonelg suodespn [eABN — Uoreg (B85 VISNAMAYN

Anep ey Jo weuwnedsq "sN - NOJ
suopembey Jo 8pos BILIOHERD — HOD

juswennbal ateidoidde pue JueAsiel 1o 9jgesdde — Yyuy

SUONBINGIGY/SWAOIOY

"SHYHY Jeliusjod pasepisucd ele suolend opfoads ay) Jo sjuswesinbal eauesgns Ao Buipesy jeieusb yoes mojeq
8IqE} 8U} Ul passaIppe ale syyYY leliusiod oyioeds 'sHyyY [enusiod se saioljod Jo sainiels aljue sy sjdeode NOG] Ul 81B1PUI JoU $30p Saioilod pue semels
ey Bups “Jepesl 8y 10 BIUBILSAUCD BU} J0J SHYHY [ehusiod jo sslioBaeo [eieuab Ajuapi o} sbuipesy se papiaold ere SUORENo Jidy; pue seionod pue samels

SB10N
"URASTAI puR afqearidde awoseq
TIim GOTOSS ST *3fep STy JUICS 18 (37, SIS JesU IO UO PUNOJ ST U0 JT 0/, a1
w0 juasaid AiuaLmo aq Jou LBl STERIFEUT 959) USNOQIIY op0y) Juren) pue
YSL 313 JO 1"¢00¢ UOB0ag Pue T SPLL JO £ ¢9P UONIAG JO SUOTSIACIA JU1 TRIM (69/T0/LO (99 uondsy
S0UePI022e UT ScheT] 10 ‘SS0p JO 98N 9Y] I JO “MOLE PUR MOQ “TEIBAIL B UHA DATIO]IR) 400 #1 ADLL W1 paisI] 10U
ATUO U9e] 00 A¥LU 91 UONDAS PUE ‘9% ‘70% ‘1O U0NRS YD +1 U PIIST] Cof IOTDAg STETUIEUL BUTIEaqIo] 1o
PUE ()99 UOTI035 DD #1 oPLL Ut A[[eowioads palsy) 10U sTetrwue Sueaqm,y HOD P AML 10J 9@ JO SPOTISW SIPIACI] STewuRR T Sureagmg
AVIY U 3q [[IM UOTII38 ST ‘SAAN U0Edg 89S Jeall 10 U0 pumo)
ST1BIIqeY S} JO *eale Ay} Ut 1300 03 S[qTssod ARET st yamm XoJ pal ot 1eiy) (6S/TO/LO
JUSIXS 3Y) 01 O/, NS W punoy AfeotdA) 10U 2)¢ STBUIUIEW SU) JO SWOS YFNOYI[Y SA1}93)
X0J pRENUE 09t uonoeg o4E)
"XQJ 1P 19S9p “FA0 IDALL ‘USLEW ‘IUSY 338) OF [NJMEFN 1 $aetl uonemaay] “ADD ¥1 57IL PIOAR 0] U9Y®] 34 IS0 UOTIOY sTeurIe A Sutreagmg
SHUAUNEO)) :o:“:«.:m“w.._oa uone) ausmbataig juuaambay woneEdo’|

SHYHY o§ji9adg-uonedo] ajels [elusiog

(panunuod) z-¢g-y aiqe

sjuelweuinbay ajeidosddy puy Juensjay IQ ojqeoiddy  g-y xipueddy

S0/5¢/80 -8leq
925L-0-70-80VLPVYN
SIUBYNSUOD 00JUASOBE)/S4Y



Gir-g-yY ebed

20p'G0-80-52-9 XIPLedy-54H-S002\GHH [BUIRGMIND

g5 ‘yoeag €8S VISNdMAYN ‘0Z 8IS W) Hodey S44 MD jBuld — g XIpuaddy pesiaey

"215eM STOPTRZEY VYO 20 01 paoadxa jou am
STIOS PATRARDYE ‘POUEE ST (YYD B JO uoneusisap
AIMbal PO TBUS TONOR ON " VIV UB 10N

"TOIOR ST JO 1Eed Se POIRAIOTUR §1 2)SBA SUOPIEZEY
Jo 281015 IO TONRIUAE ON WVIVY UB 10N

‘pererstagd

21 59)SBM SUIT) ST 18 SPE 2 [{IA SNOPERZRY
VDY 9 STELIDIBUL JIUYIUM JO UOTRUIILIZND Y],
“uoI Juads Jo DT JuAdSs Se YINS S{enplsal JusuIean
DUE ‘STIOS PAIBARIXS ‘STIOUS (YOUST) ‘UOTR][BISUT [jos
wol sSumno [I0s Jarempunold pajoenxs Swpnrour
‘yseam Sumerauad uonetado Aue 1o ajqeonddy

YONOY [RIPSWRY a1 Jo 1ed se SIsEqOK) pue Bom
S0INOS U UL IMID0 [ o[- PUR Iajempumors

VS IV PADUSKY QAR JO NSl YWVHY U 10N

eSOt ¥dO 0y

FPETITI9 FOD TT

(D1 19799 ‘€ 19799

NNVD
VO ‘eisem STOpIRZRY VIO

"21SEA STIOPIEZEY JO UOTIEISUID)

“ISEMPUNOIS PRI Smpnjour

SHuawantbar ASorouysa
TIAUITUILT 01 193fqns jrun

B JO UONEaL) 10 $3ISeA SODIBZEY
Jo resodsip pueT S3MUNISUCD

10U $30P [TV, B UM

JO OJUT (S]108 PAJRABIXS $E [ans)
$OITBM UOHBIPILUAI JO JUSUIIOE]
NIAIVD & 58 pejeudisop aq

At AJI[ioR) Yyl U2 18 vam Uy
“Amrioey o3eiols

e SuneIado 10] SJUSWIMbI
P ATIIOS ISTUE JO §S9] J0 siep
06 10] 1S U0 J)58M SNOPIEZEY
ABINIINIOE AR JOJBIFUIN)

*235BM SNOPIVZEY WY Ue ST

‘03SBM PIJOS JO UOUBIOUIG)  IISEM J1 SUIULIDNGD ISNUI I0IBIIUSD)

“HOoR
QAL WU

"UOTIRTIIUINIOE
SISem SNOPIMZeH

UOTRISUIE J15e M

*bas 12 1069 DS TF PV LI24003) PUE UOYRAIISUO) 3DIN0SIF

“[Tam uondwfur punoxfiepury

‘paprroid am s[[am Jo

SUOTIEDIISSEEY BALY "UHESY Orghd

pue Laresm Junuup Jo $90mos
133101d 01 Y AVS 91 Iapun
spmyy Jo uondafm pumoidiapun
2y} seemgar weaBoxd DI Sy

IEmMpuUnoId
pajRan Jo uondalu
punorfiapup)

+ IS 12 J00E DSNL 7P PV W18 SupuLIq 9gES

SRIAUIIN.)

1101 219299 ‘1129299 (@01
'6L'9 P (R)OT'79799 MDD 7T
P Ly1 PUe 9% Pyl ¥AD OF
g1l vd v S
UOEUILEIN] HVIY

asmbataag

0L 9US Hi ‘SHYHY dW199dS-uonoy jeiopad [enuaiod

£-va-d |lqel

JuamImbay

uondy

*(prunyd PAA[OSSIP) SIFLLIEOTY PIUILENEOIq ‘(Eae

TIVNJ) UONRIUALUENROI YA PIUIGIH0D Uonemumsorq ~11 {(eate TI VN 1221 pue dund pue (suumyd paajossip) yean pue dund - g7 {(ease FTIVN(D JUSUREL] 7715 17 pue (duingd paATossIp)
yeaxy pue dumd — g {(8ate TIYNQ) 1803 pue deend pue (uanid poajossip) JRIDUIUIEINOS JFREIPAY — £ {(eate TIVN(D JUUIea) ans up pue (uunid paAlossip) JUITMIEIN0D IMLIpAY — § fuonae ou
~ 1 :SAMOT0] SE SIATIRUII) Y [EDPIATPUI 3Y) 0) puedsaliod summiod (L) PaIspIsuo ag o], 1o (v¥) sendoxddy pue juesdry {(v) siqeandd v Jopun pajs sI2quunu ‘Uoneunuia)x] Yviyv Jpui

S0/52/80 -ereq
985 L-0-F0-BOVLYVYN
SIUBYNSUDY 07 G08D)/S4Y

suewalinbay areudoiddy puy weasiay IO ejqeaiddy g-Y xipuaddy



00P'50-90-52-8 XIPUBCY-SAH-SO0RS 4 BUIRGMIAD

S ‘uoeeg [2eS Y1ISNdMAVN ‘04 8UIS Hl Hoded S44 MO [euld — g xipueddy pesirey 9v-g-y obed

"bas 12 T0FL DS OF PV 1398 UE3))

ey ‘paredronue
11 SATELITY UBLINY pue ‘JNBMIES ‘JIemyusaly SI J3tem 0] dmsodxa aIaum
JapU M230 [ T8/ SIBLINS 0 ABIEYISTP ON 0] ST2A9T AJOTX0) FURSH SATPOG YIRS UBLINY PUR SSIPOQ JSIBmITes
BRI AIT0TX0) PRIIXI JOU 1M o1 (@)¢0g (1)@OE I31EM DOBLINS JOJ SIURIN[Iod PUR J2JEMYSII] JOJ BIIAILIO "S191EM
I9)em PaJEan JO SATPOQ IaJBm S0BJINS ©) 25IyosK] ‘6L EIPOCTIET MAD OF LS JO uonRIdwoed Euoney ArTenb Jarem DPOPUSTIIOIY  23BLMS 0] 2EMmUssI(]
"bes 13 €IET D8N 0¥ PV Jaje s veal)
SAMIOd
"WONOE Sy Jo Hed se pateid OJUT SILINY[OC JO GOTONPOIIUT A1)
10U SE MO © 01 981eydsyg vy U 10N £OF 4D OF TOXUO0O 0] SPIEPUR]S JUAUARANd - MIOd 01 28meudsi]
"bas 13 TSTT D8N €€ PV 1ajem uea)
wedd
(€1[P1€90T ‘[PIE90T 0T 15891 I8 JO SUOHEQU0UCD
‘JySrem 121501 ‘[Plosol JURTIO (1M SIISBM STIODIRZRY "Ty8Tam Aq Juaorad
Aq yueoted o Sumoeoidde SD0A JO S[3AS] U1 ‘[9locoT Burpnoxe) sfewmew e suonerde 0z 1 X
1TNS2I KLU JUSUIUTEINOD H[NBIPAY ‘BB TIVNT 91 £507 USNOM 0S01 +9799 DAY IPTM PIIBTIOSSE SIUSA STONEIUIINOD
JO 3580 34 UI “IoASMOY] uSiom Aq Juao1ad QT wBL) MDDz Tzilelvent ss2001d 1o JuSam £q Jusoiad oneSio ym
s59f Apueoyrudis are IjempunoId uIsHOA oIsem ‘[MgcoT ‘[2loco1 0] 1589f 18 JO SUOTIBIJUROLOD JJ5eM SNOpIRZRY
SnOprEZey 24 0] pajoadxa Jou Ak IEmpUnosd Fumparoxs) 0| uSniow OMEEIO ITM 21S2M SNOPIRZEY "$YBA] JUAWAMb 10 SIUA $§1987U0D Te1))
PIAVRIND PUL $TI0S PIIBABDXYT YV HV UB 10N 00T #9799 4D 72 SUTBIU0D Jeu) Juamrdmby  $59001¢ 10] SPIEPUE]S UOISSIID 1Y juswdimba 1o 25
Jmad Suneiedo Ayjor pue suorender "aARD 10 JUMUI punorfrapun
aqeoridde yipm 20UBNI0IE T JUAULERT 10J ANTIoR) 10 ‘NOTIBULIO] SUIOP 1Tes ‘A3Toe]
2Y1S-JJO PaRRILIad © 0} JUIS 9 PINOM STEHISJEW TUSUIEST] PURT ‘[jam uonoafur "AT[IoR,] [BSOdSTp pajriiad
J5307] ‘SISEM STIOPIRZEY VYD 20 0] pRumLsiap ‘and a1sem quatiprnodir B O}l 9I5eM SNOPIRZRY YO
QI STIOS POIRARIXS JO/PUR ‘sfrods youan ‘sSumng QOBIMS TIUPUE] € UL 3isem  Fumind 2ic)aq SPIEPURIS JUSUNEAN Iun fesodsip puey ur
TLOS 12T JURAD ATSNITUN W U] "YWV UB 10N OV'89299 YOO Tz SNOPIRZRY VYR JO W] TESOCSTP PUR UTETR IS 21SEM JO JUSWIADR]]
OdL vda ¥
STUILILIO,) uonyeID) ansmbatalg Juan by uovy
UOHEUULIA( AV Y

*(aumid paAjossIp) SBLITRQOIY pHjuswdneolq ‘(vaie

TAVN@) Uonejudusneolq s pauIquiod UoneIniseq — I {(eare TIvNQ) 1221 pur dumd pus (dumpd pasjossp) 38a.xy pue durnd — 0T {(vade [ YNQ) yusrniean; #as w pue (dunid pasjossip)
Jea) pue dund ~ 6 (B8 TIYNCD 1821 pue dwind pue (sunid paAJosSIP) JUSWILIBIUOD INLIPAY - 7, (eale T VN Jusugea) ms uf pue (3unid pasjossip) JUSTLITENI0D NBIPAY ~ § SU0QIE ou
= 1 SMO[[0] SB SIAYRTLIS[Y [ENPIAIPUY 313 03 PuodsaLiod sSuaniod (JEL,) papisuc) 3y o], 10 (vy) aeudorddy pug ueaspy V) siqeanddy Jopun PAIST] SIDEUNU “UCTBURLIRIN VIV J2pU))

0. 2US HI ‘sHYHYV 2ij10adg-uonay |elapad [eusiod
{penupuod) g-pg-y alqeL

siusWa.inbay seudolddy puy jueasiey 10 ejqeoyddy  g-y xipusddy

S0/92/80 -ejeq
929L-D-¥O-80VLPVYN
SJUBHNSUOD 09UAS08D)/SdH



50p'50-80-52-8 XIPUSddy-S4H-S00TSSH [BUINIMIND

Ly-@-Y ebed gs ‘Yoeag |eaS VISNAMAVYN ‘0Z @S HI Hodey S4H M9 [Buld — g Xipueddy pesirey

"SITUN [[JPUBE S158M
pros redunw pue ‘uotnoafur
[em punioafiopun £g 915em PrjoOs
J0 esodsip D apuang vy
Iapun uonemnsal o} Joalqns

aIE 1BY]) SAITIIR] [esodSIp aI5em
snoplezey 0V AZ12ug onuoly
23 AQ PAULISP S8 [eTIe
120p0Xd-AG YO Yearonu feivads
IDIMOS “V 4D Japun sInuIad

01 323fqns $20mos Jmod are

16U $28IeyISTP [EINSTPUI ‘SMOf)
WX UoTeEILn Ul STeLeen

"ITypuer POATOSSIP IO PI[OS 'SHUE}
ans-jgo ue o] Juawdiys 1SFF1) Te SPIOYSAI MOTaq a1)das Jo suonesdo pue HonESCf
Q¥ SHOHENUISUC DOA J [[H 1usuradeidal se a)s *aFemas OTISAUIOP JO UoTRoTdde DANBUIAE POYSIIIEIS-STRIS
U0 Pash 3 ABUI Y2MAs ‘IO PRIBABOX? ©) derdosdde pue[ ‘suceiado JUTURN WO  IO-1MoD B JO ATepumoq Sises prjos
PUE JUBASTAI 21 HOTRMEAI ST JO SHOTSTAOI Sunnsal USPIMQIBAD ‘SAISEM AU} PUOLaqg 20MOS 1jem SunfuLp
DATIUBISANS AU} *PAIBABING $1 [I0S JT “IDAIMOH 1 xipuaddy TemMmonSe 14a0xs *saonoeld puncIfIapun ue JJRURIEII0D
“pejedIotuE 10U ST UCHIBAEDX? [I0§ WYV UE 10N PUE $-C'/GZ 4D OF  PUR AJT[IoR] [esodsip )sem PIoS 10U [Teus sonoed Jo Ao v TesodsIp 2lsem PHOS

LSZ 16 d WD OF ‘Snped pue SIUNae,] [2sodsi(] 215eA4, PHOS JO UOTEIIJISSE]) 10) BLIDILL)
"TEUITUIL 9] 0) PFIadXa I8 S{10S UI0T)
SUOISSTUI2 DO A JO SIOAS] A} TOASMOL] "UIOTIE|[BISWI
T[3/ UOTIOROXS/FULIOIUONT SULIND PAAFUNCIUD 2
Aewt (sed-770 o8 “§2) SFUMIND [108 WIOY SUOTSSTIH
DOA PIUIFT “p-pH-Y 9IGEL U0 PUE T'e'py

puR ¢'z7g-Y SUONoS Ut YV YV dytoads-uonoe gqWOVOS
91EI5 SB PISSLIOSIP M SEE (108 YIim DIERX3 SDOA o1 orqeorydde gzz'zs A0
10 SUIRISAS USTIIEaT) IEMAPUNOLE WL SDOA 11 uomoes WD OF Jo suontod JO Q1] UOT0AG J2pW V4T ‘SN
Jo suorssiu renuatod o) srqeatdde suswarmbay ‘LD ‘0PI UONOSS DS 0P SIEIm[od e Jo $901m08 0l Kq paacidde J1S Jo SUOISIADLY “ITe 0) 2FIeUIsT(g
SIUAUILIC ) DEL Vi v uoneR) asmbasIg ypuRImbay Uy
UoHRBUTULIINI VAV

*(duund pPIA[oSSIP) SIPLLIEQOI] pajududneolq ‘(vaae

JIVNQ) voneIusineon] s paurquos uonemumsoiq ~ 1 {(eale TIVNQ) 1831 pue dwand pue (sunpd pasfossip) yean pue dumd — g7 {(ea1e TIVNI) JUURRIL) ngs 7 pug (uryd paajossmp)
1eay pue dumd - g {{Baae TLyN() 1wax) pue duund pue (duanpd paA[0SSIP) TRTIUIEII0D JNNEIPAY — £ {{eaae TIVNQ) Usunear) #js vz pue (Gunyd paAossIp) JUALIUIEIu)d HNEIpLY — ¢ fHoipde ou
~ T SALO[O] $¥ SAALRILID)[Y [enpIAIpUI 2Y) 09 puedsaLiod sauaniod (DL} pasepisuo)) ag o], 40 (vi) aerdoaddy pue jueaspy vy) sgenjddy Japun pajsif SI9qUMU ‘HOEUNLIN VUV 19U}

0/ @US Y| 'SHYHY d1198dg-uonoy [esepad [enudiod
{panusuod) g-pa-y alqe L

sjusadinbay arudoiddy puy jueasied 0 ajqeaddy  g-4 xipueddy

50/G2/80 ‘e¥eg
929.-0-F0-80PLFYN
SWEHNSUOD O " F 508D SN



$0D"60-B0-52-9 XIPUBCY-SLH-GO0DS 21 EVNGHAIND

8S ‘uoeeg [eeS VISNdMAVYN ‘0 8US H] Hodey Sy MD [euld — g xipuaddy pasiasy gt-g-y sbed

lio ejgeieban payisinwe ~ OA3
AneN o jo wewpedsd ‘SN — NOG
pinbi aseyd-snoenbeucu asuap — 1dyNGd
10V J91e M UBSID ~ YAAD
suonenbay |eiepsd jo 8pos — H49
suolipinBay jo epoy BILLOED — HOO
Hun juswabeuew UoNIR SAIRAMO — NINYD
10V 1Y Uee|D ~ yy0
Jueweanbal syeudoidde pue tueaeal 10 g|gesi|dde ~ Wyyy
8|qeoidde — vy

SUOHEBIABIGY/SLLALOIDY

"SHYHYV [enusiod palepisuod ese suonepo ooeds ey Jo siuswalinbai aanuelsgns Ajuo :Bupeay [eisush yoes mojeq
8]¢E] Sy} Ul pesSBIppE Bl SHYYY |epusiod oyioeds "sHYHY [epusiod se senijod Jo seinels sue sy sidadoe NO 8yl S1B[PUI JoU SS0P S8IN0d PUB SojMEls
ays Buysr “Jepee) ay; JO S9UBIUBALOD B} JO) SHYHY [enuaiod Jo seuoBaieo [eioush Amusp) o) sBuipesy se poepiroid a1e sUOREND JIdy; pue saioljod pue seymelg |
1SO10N

‘80T nonss
YMD opun pasordde uefd
JuauraBeueur Arenb Jsjem e Jo
Sjuswambal SADURISAE §AMeT01A
12U} SSIEIS PRI AU JO SIDRM SIZTE M
“uonnyjod Ijem JO $93mos JuroduoU 95BaIuT Jo wonnpiod 321008 Juoduou asnes '§11 01 siueImjod
0} pa1oadya ST UORIE ST JO 1ed ON VAV UE 10N (B)E-€ 267 1D O 10U [Teys sonorid Jo Ame] v Jo a3reudsiy

PP UOHIIS VAD
J ﬁﬂu&uhﬁ@o.— SATIUB)IS(US 2U)

JO UOGRICIA UI $2J81§ palu(), 1 JO
"UuonIe ST JO 1ed S PRI ST 121em O} [ereun SJaTeA 0] TELITBUI [ 10 Uumvv.ﬁ
TiG 10 Pagpap JO aFRydsIp ON "MV 2 10N €€'LST 9D OF o8reyosTp 10U [[eUS KII0L  "TesodsIp a1sem oS
STURUIIO, ) JEL Vi M uoneN) apsmbararg JuduER.IIbay uonpy
UoREUTILI AV

*(uanyd paAossIp) SIFLLIEQOY pAuswIdneolq (eale

T VNG uonejusudneolq yIis pauiquuos uoHemutgsorq ~[1 {(eate TdYNQ) 1290 pue dumnd pue (Gwmid paarossip) jean pue dund - 07 $(eaxe TLIVN() aUnea} nys ¢ pue (dungd PIAJOSSID)
oo pue dwnd - g {(eare TIVNQ) 180 pue dund pue (aumnid paAjossIp) JustTeIu0d JORIPAY — / f(eaJe Td VN TUINEIN) 7215 tf pue (dumpd poA[0sSIP) JIIUIMIENN0I HNEIPLY ~ g fuoeToE ou
— T iSMOY[0) SE SIANEUIN]Y FENPIIPIL A1) 0} paodsariod suumiod (L) Paepisuoe) ag o, 10 (v Aetdoiddy pue juesspy| (v) spqeaddy 1opun PRISI] SIQUIINU ‘UONBUNIINK] YV IV J2pUn)

0L 3US HI ‘SHYHY 21199dg-uonay |eiapad jeuajod
(ponunuoo) g-yg-y slqe).

sjuswalinbey ajeldoiddy puy Jueasiey J0) ejqeoddy  g-Y xipuaddy

S0/92/80 WO1eQ
9eSL-0-v0-80VLPYN
SIUEHNSUOY) 59IUAS09D)/SH



) 200°50-80-58-9 Xpuaddy-SJU-5000\SJd BURGMING
6%-9-y ebed g% ‘uoeeg (89S VLISNAMAYN ‘0L 8UIS Wl Hoday S4d MY [euld — g xipuaddy pasiney

punodwod sweblo 8)i1.|oA - HOA

AousBy uoNos10.d [EIUBWILOIAUT SAIEIS PBIUN — V43 'S'N
8po) §61B1S Peiuft — D8N

[oIUGa uopoaiul punolbiapun — 9N

paispisucs aq 01— Ng ]

piEOg |05UOS) SBOIN0SEY JSIB M 91BIS — O MS

ueld uonejuswa|dw 8jels — dIS

1oy serep Bupuug ejes - vmas

s wawabeuey Aleny Jty 1seoD UInog — ANDVYOS
1oy Aaac0ay pue UCHBAISSUOD) 80IN0SaY — YHOH
ereudosdde pue juess|al - vy

wBiem Aq uojw Jad sped - mwdd

Sylom uawess; paumo Aiongnd — a1 Od

yoeeg [eag uoljelg suodeap [eneN — yoeeg (e85 V1ISNdMAYN
ajgeolddy JoN — ¥N

uolenuUa)E [eINBU PaJojuoW — YN

uogleo aseyd-pinbi| — 0d

uoneIoIsay ucheljeisu| — Yi

0L ®)IS Y| ‘SHYHV 21)199dg-uo)joy |eiapad |ejusiod
(penunuod) ¢-ya-y ojqel

sjuswisinbay ejeldolddy puy ueasiey 10 e|qeoddy  g-y Xipueddy

S0/S2/80 eEg
9254-0-r0-80VPLPVYN
SIUBYNSUON ™ ‘S08L/SdH



0P 60-80-58- XIpueddy-544-5002\G Y BURGMING

g8 ‘yoeeg [0S Y ISNdMAVYN ‘0L 8IS Y| Hodey S44 M9 {euld — g xipusddy pesiney

05-g-4 ebed

"sawinid g/,
01§ W1 941 Jo HoTRIZNU TenjuRod Jo/pue dnuvaro

DIUTBILTRL 2

1STILI $28N0 TETOLIUIQ ‘WM TN
B 1Y -suotstaocmd uonepeiSepiue
Una Ao ISOUE SI3JEM

A 01 10U “IaeMPUNOIS parean Jo o3 rydsip (eruiojifey AnTenb-ygg 01 sa8reyosicy
01 a1qeoapdde ATuo 5T 91-89 ‘ON UOHNIOSY ut s1arep Anpend) uStyg ‘apew are sTULpuY ureLao
AOUMS UoEdY [2eS VISNIMAVN I 1978m SuurelRK 07 392ds9y §5]UN PIUTEIUTRI 29 S13jBM
S9uyIms oyt IFTUISIP Aq IojeMpuUNnoId paresn o1 N Aotod) 91-89 "RIfenb IaEm AyTenb-udny yeys sexmbay "s1a1EM AnTenb
J0 afrerosip Sunemgal Yv Yy ogpaeds-uotoy ‘6L CoN uonNIOSRY OMMS  Funogye Lenuaod 931euosi(q ‘el urseqg o pajerodioou]  -uSny o) seBreudsiq
"satotjod
puw strerd 1osuo2 Ayenb
ISTEM 2PTMOIE]S sojeIodIout
‘sywnd gL 218 Wl 9w SwsSLIppe SUoToe PUR ‘S350 TRIZIUAQ 199705
TRIPSWIAL [[8 JOJ pIepuels soueuLiojsad st sasn pue saanssfqe Anenb aes
959U} JO WO YOEIT 898 VISNIMAVYN 399uI 03 sueld uonjeIUSWATdRIT
18 WIISAS Ja1empunold morpeys o 01 Ardde ose “T000-F00Z-89 PUE ‘S800 SOUSTIqeISH "SPIBPUR]S TROLISUITU
sasti asay], “Arddns sseooud reinsnpur pue ‘Arddos -C00Z-3d ‘£E00-700Z-34 plte JARRLEU Jupnout
$301A128 FeLnsnput ‘Arddns rexmnonge (rajem *£000-Z00Z-]¥ Surpniow ‘'saanoalqo Anenb 191em
Jupuup renumod) ssn orisauiop pue redrtante SJUAWIPUIURE PUE SOUSTIgRISH “Idjempunold pue
AIe JUOZ JUAUASEIRIY Auno)) a8urIO SY1 Jo (ue|q uiseq) wseq LAY Iajem 0BLINS JO Sasn BIOaURq  Uu0ISoy BUY BlUES
53N [ETO[eUaq JY], SV YV I el uiseq 21U 1101 BUY BIURS SU} JOF UE] SOUSTIaRISH UOIFaY BUY BIMES 9 Ut AjI[Enb Jojem
1o udnomnp g s1dey) ur suotsiacid 2anuBISQNS ‘6°L°9 TO1U0) ATIENC) Joem AU U1 SUISRq 1JBM SOqQLIDsa(] Sumnoaye suonoy

LUOTEN] BUY BIUES ‘PIBOq 0100 AN[EN]) I)EAA [EUCISNY CTUIOJI[ED PUR PIBCY [OXUO)) SIXIN0SIY LA INEIS

SjuPwWIaIoy

DL

A2

v uoney

UOT)RUNIIINS(]

asmbarsg JusurImbay

wonpy

aAvdy
*(puinid PaATossip) SALLIEGOI| pAHUIWFTEOI] ‘(eaae T VN() Uonepsmdneoiq
M PAUIQUIO) TORRIMUNSOL ~TT {(Ba4e LI VNQ) 38213 pue dund pue (sunid pastossip) jeas pue dund - g7 {(Bate TIVNQ) JUsUIIEAN #AS 4 pue (susnpd paafessip) Jeax) pue dumd — g
f(axe TIVNQ) ¥ea1) pue dund pue (umjd PIA[OSSIP) JUSUILIN0D JHMEIPAY ~ £ {(8a1e TIVN() JUIUL)BAL) #ps 42 pue (Junyd pIAIoSSIP) JUSWATEIUO0I JNBIPLU — § FUONIE OU = T ISMOY[0)
SE SPAIBILIA]Y [ENPIAIPUL 2y} 0} pruodsaliod SEUN[0d (D{L) paaapisue) ag of, 1o (Vi) srerrdoxdd v pue jueaafay (V) o[qeanddy Jopun pajsi| sI13quunu ‘uoneunug Yy Japun

0L SUS HI ‘SHYHY 24108dS-uonay siels jepuaiod
p-vE-H olgeL

sjuaweanbey ejeudoiddy puy Jueasiey JO gigeolddy g-H xipueddy

G0/5c/80 ejeq
92940080V LYVYN
SJUBYNSUOD D8IUAS0SE)/S4H



15-g-Y ebed

20p°C0-80-62-8 XIueddy-S4H-5002S Y PURGMING

gS ‘yoreq [0S VISNJMAYN ‘04 SIS Hi LodeY S4Y MD [euld — g Xipuaddy pesirey

IOMY AU TBY) FANILISIT 10T

[AVARA!

PUE (LIE] UONIRS

MO L UOTSTALT JO 000ET
UOHD3S Ul U0 388 Ad1[04

(L661 AM[ £7) mRid

"SSLIBTISI PUE SAB PISOIOUD
ot se8meyosip o3 A1dde jou
$90D R[4 "STatem FUrAla0al
1o saAnRafqo Ayrenb 1a1em
sapiacad uelq -efreussip a1sem
JO 522IN0S Juroduou puR UBAJ0

el

UE20(Q) 9173 UI YIIO] J2S BLIRILID
yna Arduroo 1snur uesoo auy
o $28IBYOSIp [Ty "SUonIqIyoId
9B IeyosIp pUB ‘BRI
souerdwos ‘sjusmannbal
Teruad ‘soansafqo Lurenb rrem
‘SUOTIBUSISIP 95N [RIDIjaUaq

21115 91} Jo ardoad
o) Ag justaAofua
PUE 38T 0] SI9JEA

OU OJE Spreptels ‘alels ot} JO SIajeMm Leaoo o) 01 a0 BILIOJED '970-L6 3] O SITWUDSIP 90INOS  SOPMIdU] “AI[END ISem URII0 JO  UAd0 1) Jo Arend
oyt sadrewostp SunenSas Aorjod oyroads-uonoy ‘6L 'ON UCHNTOsIY GIUMS yutod o1 sjqeondde st uer]  wonosioid Joy Aorjod saquosagg Y3 JO UOTI3I0I]

(9661 1000190 ‘$9UOZ, JUSUIUIEIUC) SUrysTjqelsa

‘weg wisey Z0 Pue $a61 [Udy [Z uo 103 sarmnpaocoid saUsyqeIsy

By} JUSTULIS 210w o aJe sampavoad pue Ax1jed PapUSWIE $E) $#0CE] 2P0 -a1doad 213 Jo 1ausq

‘MREJ UISEE WNIM JISISTSUOD PUE ‘S3sN TRI0LAUAQ IoR AN 19PN SAETRUISIP WINUITYXETI PUR ‘IPJEM JO 5IsT

Qarng 1o yuamo Jurosrye jou ‘Q1els A Jo drdoad JO JuQUIdjeqR pue "$OUOY, JUSWIUTEINOY)  [RIOYRURQ ‘91-80 "ON Uounjossy
QU] 0] UG WNITXEW ‘GT 121dey) ‘91-80 'ON dnuesro pie ucHesNsaAul JO JUSWYST[QRISe PUR  U3IA JUDISISUOD ale JBU) 21115 aUl  '21els Y] JO SI9lem
TONNTOSYY 0] 3URULIQJUOD JOJ SIPIACK] 'S1BIS 3U) J0J S2INpaooid  JATeM 9O0RJINS JO JAJeMpUnold  JO SI9IeM o) OJUI SASIRUISID JO  9U) OJUT SaSIRUosSIp
10 SI9eM 01 SABIRUISIP PUR “JUSWAlEgR ‘ANUBSY ] 01 pUB SIWI[Od 6126 913 OJUT JRRMPUNCIT  JUSWRIRAR PUR dnUES[2 SaInbay JO JUAWIRIEQE
Furerndar sampasord pue £3170d 0gAS-UCIPDY 6 LD "oN uotnjosey gIMS Jo odreyosip pue dnuea[) "Rl wiseq ojur pejerodroouy pue dnmweay)y

o4l vd v ueTe) ausmbataag juawaambay uonIvy
SJUIUIOY) UOTIBUTULIA(
qviav

(aunjd paAfossIp) SIALIEQOIY pHUsISnrolq {BaIe TIVNG) Uoneusmsneony
A PAUTGIIOD UOHRMUISoTq —T T {{eate TJVYN) 18213 pue dumd pue (durnyd paaossip) jeaqy pue dund —- o7 {(eate TIVN() 1Uaunear) #as ur pue (dumid paafossip) yeay pue dumd - g
{(eaae TIVNQ) 1ean pue dumd pue (punjd paA[ossIp) JUSUGTRIN0D JNEIPAT — £, {(eade TIVN() JUAUE3a) 735 u7 pue (dunid paAfossip) JUaUIZIUGD MEIPAY — 9 SU01IE ou — | ISMO[[0]

SE SIALLIIN[Y [ETPIATPUL 313 03 puodsairod summiod (L) PaIomsue)) ag of to (v sendoxddy pue jaesaay 4v) sqeonddy Japun pajsy| stequinu ‘UoeuuLIzq Y vV opun

0 ®US Hi ‘SHYHY 21199dS-UOOY B1elS [eRuelod
(panunuoo) y-ya-Y s|qel

Q0/52/80 9¥e(]
9294-0-F0-BOVLFVYN
sjuByNsUeD & ‘goen/Sdy

siuswalinbay syeudolddy puy juessiay IO sigeaddy  g-yY xipuaddy



90P'S0-80-S2-8 x_%m&q‘w"_m.mooﬁmu_m BUIRGMIND

S ‘yoeeg 1888 VISNdMAVYN ‘0Z 8IS HI Hode S34 MO feuld — g xipusddy pesiney gs-g-f obed

"3I5EM STIOPIRZEY B §1 [BLIJEUl
SHp J1 pelemsBaz 9q £ew HyDy

*I0JOBUOD 301AIS B Aq ATamue pafeuew og ads Jo uonEUAENY 99799

pinom Jf Aol NOJ © 18 pR[o£0al 10 NOCT W) ‘TRLITEUI QU DD TT JO sluatuarmbal s

£q paumo 9q jou pinom Do wadg 'snoprezey Jo Ioumo 51 Aq paumo Aprroey  Aiduwos jsnwr FurpAoar o] isem

5Q 01 4T3[ 10U S SUCIOR TRIPAUIAI O/ SIS HI Aq JSI0UR 2 JO 2015-UO PIsnal snoprezey Jo uonepodsuR)
PajeIRuLs Do) JUads a1 9SNEIeq YV IR 10N TEPISTOSH  DUB PatoAdal 5 1SN [BLIRIA PUE ‘93RI0)S ‘UOTIRISUID) Burjokoar 21sE A
apo) Ak pue IR BILIOJIE)

‘PoIEIIUaE v 591SEM (2)(1) pue

SN 313 §8 IDBUL 9 [[IM STOPIRZRY Y IDY-Uuou (1) (®)101'19799 *£'19299 d)seM

IIe TELIJEUT ISTIAUM JO UOTIBUTGLIZND YL, disem [ 0] ‘T19799 ‘11°79299 ‘(01 BILIONED  STIOPRRZRY VY )Y-UOU € §1 915EMm
sajesauod yorgm uoneedo Ame 1oy opqeoriddy ‘6L ‘9 pue (BX)1°29799 MDD T2 Ul 31584 PI[OS JO UCHRINAN) J1 SUTILIDLAP 1S I0JRIAUAD) UONBIUIT M5eM

[0JU0)) SA0UEISAG IIXOT, JOo Jusunieda(q £>ua8Y U010 ] [BIUSIUOIAUS BILIO[E)

VMO Teiepag

o ropun Jmtsd SHIN annbor
OSTE (SUMRIP ULIO}S BUrpniaur)
SIofem I0BIINS 0T $93IBU0SIp
I0J pansst SYaAy Telempunotd

TAAM Y
SOURE[UWIOD 2ATTRISQNS aImbar Leur empunord
9MS YiLm PAPURLY [ PUR QAT JO uonpaluy

"UE[J uiseq 9U} PUB 9p0)) ISfEAL U1 JO suotstacld PaTE3Y] UT SJUSTITISUOD 190 pue

JATIURISANS 3] M AKIIIOD [0S ISNUT VT YHD SO0A I0] ST3A3] UOTIEIUIOUOD

Japun Sunjmurad wely dWwaxe uoToe Isuodsal USTqeIse sYam (Sdam)

33IS-U0 U IJeMpUNOIS Patean Jo 28 TeUosIp ue[g urseq) SWLUIANNDIY SFIBUYISICT JISBAL

Iatem 20BLING “SIeLad SHIN 2mbak [Im Jojem urseq I9AR] PUY BIUBS oW1 52 UMOUY 9re asay], -ooeid

soByms 01Ul 595IeYOSIP ANMS-FO SyL (O] PUE ‘6 Ioj uv[g [onuo)y ANEND 28] Aea 231BUISIp Jisem B
‘L ‘9 SOATIRUIMN[Y) UTeIp uLiels Iajownad aoepens 1101 ISTeA LEQTET LOTIRS YOIy Jepun sjuswannbar ougap  -ageys oy jo siotem
01 2q A IeMPUNCIS patesn Jo admyosy ‘6°L ‘0 IPO7) IR AN BTUIOJITED) O OOMY JW sezuoyIny oy ojur sedIeyoste]

odl vi v asyen) aysmbarary Juatmaainbay uony
SIUIIO,) UOHBUTRLIA(]
qTvav

*(uunid paajossIp) s1LLIRgolq pHUdUSnEolq ‘(818 TIVNG) uoyejuatudneoIq

4 pruIquuod Goneinusolq —I 1 {ease TJYNCQ) a1 pue dund pue (aunyd paatossip) jeas pue dund - g7 Heaxe TIVNQ) Jueunedx) #s up pue (aun(d paajoessip) jeax; pue dund — 6
(eaae TIVNQ) 189.0) pus dund pue (umid paAyossp) JuataEEine? JaeIpAy ~ £ {{edar T VNG susuneaay aus uy pue (suimnid pIAfossip) FUSUITTIUGD INEIPAY ~ g fUONIR OU — | :$M0[{0)
SE S9AEUIIIEY TenPIAIPUL 3Y) 03 puodsa.Lied Suniod (gL} PRIAPISHO)) 3 O], 10 {(VH) sendoaddy pue Jueasiay (V) ajqeonddy Japun pojsi| sraqunmg UONEUMLIIR( VY Jopun

0 ®1S HI ‘sHVHV dlj0adg-uoloy aels [epuaiod
(penunuoo) t-+g-y alqe,

siuswalinbey sjeudoiddy puy easjey IO sjgeoyddy  g-Y xipuaddy

S0/92/80 are
9EGL-OVO-BOVLYYN
SIUBYMSUOD 0RJUAGOETY/SIH



0CR'50-80-52-9 ¥ipustdy-G4H-G00AS Y [BUAGMIND

£5-9-4 ofed ds 'yoeegd [29S YISNdMAVYN ‘0 2US Y| Hodey S4Y MD [euly — g xipuaddy pesiney

"SHYHY [enusiod paispisuoa ele suoiekd oioads sl Jo sjuswiaiinbal sauelsgns Ajuo :Buipesy [eieueb yoee mojaq
8|ge] 83 Ul passaippe ale SHyHY [eiuelod oyoeds “sHydy [enusiod se saioljod 10 Selnjels alue ey} s1daocoe NOQJ 2yl 21e0lpu; 10U s80p saloyod pue sejmels
ay) Bunsi "1epes; 8y} JO SOUBILAALOD B} IO} SHYHY [enusiod Jo sauobaleo |eieusb Ajnuep: o) sBuipesy se papiaoid 81 SUONEBYO Jiey} pue seioljod pue sanjels R

1S6J0N

“YSUI I90UED

TENPIATPUT TINTIIXBUT 3]qeMO[fe

AVdV S £J5TeS pnom jonuod lodea ey} Iay3ny B U1 s3nsaI
I0F D41 JO 9] "SIUBUTUIRIUOD JTE JiusZoulses yuamdinba et Jo uoteIado oyl "SIRUTIIRIUOD
Se PRISI] 2Ie JeUl SOOA T 0] TRIRI0d 91 9ARY 'SITBUNURIUOD ITE JTUISOUINIEY  USUA JUtudinba Areuot)ess mau Ie Jruadouroren
01 PUR § SPATIBUIONY asTEOq YV ¥V UE STSTL 016 10%1 oMy QNOVYIS SIS Jey) 2umos Lreuonels o pakopduwre 2q snw 1OV E-L JO suoissnug

"LOvg Aordwa

0] 816 SUCQIEd0IPAY parruadorey

*SUOQIBICIDAY Alre 10 JUBRURIRIUOD JIe

AV Y s AJsires prom pajpueforey Aue IO JUSUIUIEIIE-UOU AU JO 9SBOIOUI
Tonuoo odea I0F DJT JO 9571 SOOA paeuadorey TUBUTKIEIUOD JTE JUSWIUTEIE-UOU  UOISSTUNA 30U © UTJNsal ABUI jet  sD(OA peteusdorey
TS OF TRTII0 U1 9ABY ()] PUB 6 SRANRILIANY 016 COCL AMY AWDVDS  AUe JO 9SBIIOUT SUOTSSIUIZ JoN  UOUNT[Od T JO §92IN08 mal [y JO SUOISSTIIT

‘patgrgoad st orjgnd

241 01 2ouBLOULE IO ‘PoUESIU

"SUQISSIIS IFe J0UBSINU JUaAaxd “Juatainap ‘A asned

03 poudisap oq PINOM (] PUR § SPANBWIAY "PIRJ[oM PUR TH[BeY oNgnd  Aeul Jeul seppuenb ur 9o1nos Aue
UM PAPTTOUT WRISAS T0U0Y JodeA 2y, 0l'6 Z0F oY ANOVDS  Sumdaye Ik JO UOTIRUTIEINGD)  WIOX [RUSIEW Jo a3muyosip agy I oyt afreyoss(]

"ANOVYOS 2w Ag Suipmuwred anmbal i uonae
25u0ds21 oY) ‘sIna00 JuisseS-130 ;1 ‘paoedxe

10U SI 0, 91§ ] Te Jorempunoid jo Suissed . "SJUBURIEBIEG) IR

-JJO 0 “YarempunoId yum paIoexe SO0A €07 JO 221n0s mou fofeur aeredo pue
2 o] Tenujod A3 dARY QT PUR 6 SAANBWIIY ] ‘01 ‘6 pue 107 SOy QOIS  SimeInfod Ime Jo 201mos rolejy JOTLISUCD O PInbai SIS e 0T odmuosicy
LSy Juawadeus ] AELD IV 1580 INOS

D9l Vi v uoneIy aysmbatarg yuRImbay uwonIy
SHUIUNUO,) UONBUTULIA(
aviav

*(uunid PAATOSSIP) SINAIBGOTY pAwmEneolq ‘(vade TIVN() UonEuISneoq

TIA PAUIqUI0d UonenUsol| —TT {(eae TA VN yeaa; pue duund pue (sunid paarossip) jean) pue dund — (7 {(eage TJYN) Juaunear) nys u pue (durnid pasjossmp) jeany pue dwnd -
{(ea1B TYNQ) 18213 pue duund pue (unjd paAossIp) WSWUIEINOD NEIPAY — £ H{eade "I YN MSUNea) #7s ¥ pue (unid pIATOSsIP) JUIWUILILOD NNLIAPLY ~ § SUOTIR O~ T ISMOT[O)
§' SIANBUIMN[Y TENPIAIPUL 343 0) PUodsa.LIod suwn[od {Jg]) PaIapIsuo)) ag of, 10 (vy) Neudorddy pue juvsaray (v) aiqeaidd v 1opun pajsy SIAGENY ‘UoNEUILIN VAV Japun

0Z 3US Y| ‘sHYHY doadg-uonoy ajels Jepuelod
{panunuoo) y-pg-y alqeL

sjuswelinbay areudoiddy puy weasjay 10 ajqesyddy  g-Y xipusddy

G0/52/80 B1eq
928.L-0-¥0-80FLYYN
SJUBHNSUOD ©~° "45090)/5dY



20P'50-90-92-8 Xpueddy-SJ4-S002\S Y BURIMINGD

as ‘yoeed [eeS V.LSNdMAYN ‘0L 1S HI Hodey S44 M (euld — g xipusddy pesiasy S-g-H eled

wawalnbay ableyosiq a1SEM - HAOM
punodwos ouefiio ajeion — DOA
paiapisuoD 8q 01— gL
§0Ix0} 10} Afojouyoa) |0IUOD ejqeleAr 1Sag — | OvE-1
PIEOZ |0JIUOD S2AIN0SaY I181E M\ S1BIS BIUIOED — GOHMS
ousIg juswebeuepy AllenD Ay 1SECH YINOS — QAIDYOS
s Wewasbeuep Aueny iy [eucifiey eiwojieg - 9O0MY
10y AsADD8Y PUB LORBAISSUOD 82IN0SSY — YHOH
arendoadde pue jueasel — yy
yoeag [eag uolelg sucdeap [eAeN ~ yored [E9S VISNdMAYN
walsAg uoneuwyg abieyasiq Jueinjiod [euoleN — S3AdN
uolieloisay uoneeIsu| — Yi
8pog Alofeg pue yjesH eluiofesd - DSH
uoqlEa pajeAloR Jejnuelb ~ nye)
llo ejqereben payisinwe — QAT
AneN auys jo Juswnedeq “$'N —~ NOQ
PNy eseyd-snosnbeuou esuep — |dy¥NGg
B8P0 BB AA BILUOJRD — DD
oY J81ep UBSID — YARD
Py Aupgert pue :o;mmcmasoo ‘asuodsey [euswuoInug anisuayaldwon — y1oY3n
suojtginbey JO 6pos) BILLOHIED — HOD
ABOjouUL9a] JOIUOD B|qBiRAR 188G — | NY'H
Wwewannba) siendoidde pue Jueasiel 10 9|gqeodde — Yyyy
ajqeodde -y

:suoneAaIqqY/SWAUCIOY

0/ 9US H| ‘'sHvHY diicadg-uonoy aje1s [enuslod
(panunuo) y-vg-y alqel

sjuswalinbay aeudoiddy puy Jeasiay 10 sigeanddy  g-Y xipusddy

50/52/80 &1eg
92SL-0-70-80¥ VYN
SIUBYNSUOD DepUAZ08D/S4Y



RFS/GeoSyntec Consultants
NA47408-04-C-7526
Date: 08/25/05

Appendix R-B  Applicable Or Relevant And Appropriate Requirements

B4.1
B4.2
B4.2.1
B4.2.2
B4.2.3
B4.3
B4.3.1
B4.3.2
B4.3.3
B4.4
B4.4.1
B4.4.2
B4.4.3
B4.5
B4.6
B4.7

B4.7.1
B4.7.2
B4.7.3
B4.8

IR SITE 40 ALTERNATIVE 1 — NO ACTION

IR SITE 40 ALTERNATIVE 2 - MNA

Federal

State

Conclusions

IR SITE 40 ALTERNATIVE 3 — HYDRAULIC CONTAINMENT
Federal

State

Conclusions

IR SITE 40 ALTERNATIVE 4 - PUMP AND TREAT
Federal

State

Conclusions

IR SITE 40 ALTERNATIVE 5 — IN SITU TREATMENT
IR SITE 70 ALTERNATIVE 1 - NO ACTION

IR SITE 70 ALTERNATIVE 6 — HYDRAULIC CONTAINMENT
(DISSOLVED PLUME) AND /V S/7UTREATMENT (DNAPL
AREA)

Federal
State
Conclusions

IR SITE 70 ALTERNATIVE 7 — HYDRAULIC CONTAINMENT
(DISSOLVED PLUME) AND PUMP AND TREAT (DNAPL AREA)
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Appendix R-B  Applicable Or Relevant And Appropriate Requirements

B4.8.1 Federal
B4.8.2 State

B4.8.3 Conclusions

B4.9 IR SITE 70 ALTERNATIVE 9 - PUMP AND TREAT (DISSOLVED
PLUME) AND /' S/7UTREATMENT (DNAPL AREA)

B4.9.1 Federal
B4.9.2 State
B4.9.3 Conclusions

B4.10 IR SITE 70 ALTERNATIVE 10 - PUMP AND TREAT
(DISSOLVED PLUME) AND PUMP AND TREAT (DNAPL AREA)

B4.10.1 Federal
B4.10.2 State
B4.10.3Conclusions

R-B4.11 IR SITE 70 ALTERNATIVE 11 — BIOSTIMULATION
COMBINED WITH BIOAUGMENTATION (DNAPL AREA),
BIOAUGMENTED BIOBARRIERS (DISSOLVED PLUME)

R-B4.11.1 Federal

See Section B4.7.1 for a discussion of federal ARARs under CERCLA, RCRA, and
SDWA regulations.

R-B4.11.2 State
See Section B4.7 2 for a discussion of state action-specific ARARSs from the SWRCB.

South Coast Air Quality Management District

No VOCs should be discharged from the groundwater, EVO, and KB-1™ blending
operation because the treatment approach is intended to develop anaerobic condition,
and thus groundwater will not be exposed to the atmosphere. Off gassing from soil gas
that may be generated from groundwater treatment which migrates into the air may be a
TBC under SCAQMD Rules 201, 203, 402, and 1301, and Rule 1401 may become an
applicable ARAR for the siie.
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Appendix R-B  Applicable Or Relevant And Appropriate Requirements
R-B4.11.3 Conclusions

There is no conflict between the federal and state action-specific ARARs; however, there
may be some overlap between federal and state discharge requirements. Both sets of
requirements apply to IR Site 70 Alternative 11, as outlined previously.

R-B5 SUMMARY

In this appendix, potential federal and state ARARs have been evaluated for each
medium, location, or remedial action addressed in this FS and RFS. The numerical limits
chosen as remedial goals for the groundwater remediation have been comparted, and the
results have been presented in Table B2-3.

The substantive provisions of the following requirements were identified as ARARs that
affected the development of remedial action objectives for this action:

e  WQCP for the Santa Ana River Basin (RWQCB 1995) (WQOs, beneficial uses,
waste discharge limitations);

e Federal MCLs and nonzeio MCLGs for VOCs;
e State primary MCLs for VOCs in Title 22 CCR;

¢ RCRA groundwater protection standards in Title 22 CCR Section
66264 94(a)(1), (a)(3), (c), (d), and (e); and

¢ SCAQMD Rules 212, 1303, and 1401

As discussed in Section R-B2.1.1 of this appendix and Section R-2 of the RES report,
MCLs and nonzero MCLGs have been identified as the preliminary remedial action
cleanup goals for this action because they protect the existing beneficial use of the aquifer
and are feasible goals. These goals would apply at the NAVWPNSTA Seal Beach
boundary o1 at the point(s) of existing beneficial use, whichever is hydraulically most
upgradient. Cleanup to background level has been determined to be economically and
technically infeasible.

The evaluation of location-specific ARARs indicates that the proposed location of the on-
station treatment plant or injection station (along with some of the extraction wells and
piping) is not within a floodplain.

No historic buildings or landmarks were identified in or near the project area. Phase 1
archeological surveys will be required for the treatment plant and extraction system
locations because much of this area has not been previously surveyed. No requirements
relating to biological resources were identified as ARARs

Actions evaluated as part of the temedial alternatives considered are groundwater
extraction, treatment of groundwater by LPC treatment and discharge to surface water
bodies; in situ chemical oxidation using Fenton’s reagent; and enhanced bioremediation
through biostimulation and bioaugmentation. RCRA requirements for tank systems may
be applicable to some portions of the on-station groundwater extraction and reinjection
system because the groundwater at some locations may exceed the TCLP limits for TCE.

Revised Appendix B — Final GW RFS Report IR Site 70, NAVWPNSTA Seal Beach, SB page R-B-57

Ctwhifinal RFS\2005-RFS-Appendix B-25-08-05.doc



RFS/GeoSyntec Consultants
NA47408-04-C-7526
Date: 08/25/05

Appendix R-B Applicable Or Relevant And Appropriate Requirements

Additional information on groundwater concentrations will be obtained duﬁng 1emedial
design, and these requirements will be included in the design criteria as necessary.

SCAQMD requirements to be met for emissions from the LPC water treatment system at
the on-station treatment facilities include Rules 212, 1303, and 1401. Under the
CERCLA exemption for on-site actions, no permit would be required for the dischaige
from the LPC system; however, all substantive requirements of the SCAQMD
requirements would need to be met. Potential air emissions should be minimal from the
LPC treatment system. If control of fugitive emissions is required, activated carbon
adsorption is considered to be the BACT for treatment systems, and as long as the off-gas
control systems are designed to limit the maximum individual cancer risk to less than one
in a million, the air strippers should meet these requirements.

SWRCB Resolution No. 68-16 is applicable to discharge of treated groundwater. The
VOC treatment systems will be designed to remove VOCs to the detection limit, in order
to prevent degradation of groundwater quality at the point of surface discharge. The
locations of surface discharge will be chosen to assure that non-VOC components of the
treated groundwater (such as TDS and nitrates) will not further degrade the groundwater
at the point of surface water discharge. Surface water discharge will result in surface
water flow into the Seal Beach NWR and ultimately the ocean. Discharges into the
wildlife refuge must meet FAWQC and criteria stipulated in the SWRCB Ocean Plan.
Discharges under the Fedezal Clean Water Act and SWRCB Resolution No. 68-16 fulfill
or exceed the stipulations for surface water discharges under the FAWQC and Ocean
Plan.

Injection of the EVO, KB-1™, and groundwater blend into the source area and
biobarriers will substantively comply with the RWQCB Basin Plan and SWRCB
Resolution No. 68-16.
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FOREWORD

This revised appendix contains a detailed description of the passive biobarrier bioremediation
remedial process option considered for the Revised Groundwater Feasibility Study (RFS) Report
for Installation Restoration (IR) Site 70 at Naval Weapons Station Seal Beach (NAVWPNSTA
Seal Beach), Seal Beach, California. The Table of Contents (TOC) in this Appendix provides a
cross reference between Appendix C in the original Feasibility Study (FS; Bechtel 2002) and the
revised Appendix C of the RFS  The shaded portions of the TOC reflect elements of
Appendix C of the FS that have not been altered for the RFS and are thus incorporated by
treference. Unshaded portions of the TOC reflect text that has been added or revised within the
RFS.

The information contained hetein is referenced primarily in the RFS Section R-3, Identification
and Screening of Remedial Technologies. This appendix is organized to follow the order of
technologies listed in RES Table R-3-1 Identification of Remedial Process Options.

The bioremediation technology description contained in this appendix was obtained from
GeoSyntec Consultants Inc. (GeoSyntec) project files and the Principles and Practices of
Enhanced Anaerobic Bioremediation of Chlorinated Solvents document (ACFEE, 2004).
Acknowledgement is given to the Remediation Technologies Development Forum (RTDF) (Ellis
et al., 2000) for the case study presented at Dover Air Force Base (AFB) and to the Air Force
Center for Environmental Excellence (AFCEE, 2004) for the case study presented at Altus AFB.

Where available, technology descriptions have been supplemented with recent case histories
relevant to the RES Report for IR Site 70 at NAVWPNSTA Seal Beach.
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ACRONYMS/ABBREVIATIONS

AFB Air Force Base

AFCEE Air Force Center for Environmental Excellence

ARAR applicable or relevant and appropriate requirement

ASTM American Society for Testing and Materials

bgs below ground surface

BMP Best Management Practice

BTEX benzene, toluene, ethylbenzene, and xylene

CAH chlorinated aliphatic hydrocarbon

CBCEC California Base Closure Environmental Committee

CEC cation exchange capacity

CERCLA Comprehensive Environmental Response, Compensation, and Liability
Act

CES Cutrent Environmental Solutions

CFR Code of Federal Regulations

cm/s centimeters per second

COD chemical oxygen demand

CROW contained recovery of oily waste

CSDOC County Sanitation District of Orange County

DCE dichloroethene

DNAPL dense nonaqueous-phase liquid

DOE Department of Energy

DON Department of the Navy

DSM deep soil mixing

DoD Department of Defense

EBCT empty bed contact time

ETI EnviroMetal Technologies, Incorporated

FRTR Federal Remediation Technologies Roundtable

FS feasibility study

FY fiscal year

GAC granular activated carbon

gpm gallons per minute
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Acronyms / Abbreviations
H202 hydrogen peroxide
HF hydraulic fracturing
HMX octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
HP horsepower
IDW investigation-derived waste
INEEL Idaho National Engineering and Environmental Laboratory
IR Installation Restoration
ISAS in situ air stripping
ISEE in situ steam-enhanced extraction
ISOTEC In-Situ Oxidative Technologies, Inc.
kg/yr kilograms per year
kW kilowatt
LNAPL light nonaqueous-phase liquid
ug/L micrograms per liter
MCAF Marine Corps Air Facility
MCL maximum contaminant level
mg/L milligrams per liter
mmHg millimeters of mercury
MMR Massachusetts Military Reservation
MSL mean sea level
NPDES National Pollutant Discharge Elimination System
NAVWPNSTA Naval Weapons Station Seal Beach
03 ozone
O&M operation and maintenance
OCWD Orange County Water District
ou operable unit
PAC powdered activated carbon
PAH polynuclear aromatic hydrocarbon
PCB polychiorinated biphenyl
PCE tetrachloroethene
PF preumatic fracturing
POTW Publicly Owned Treatment Works
ppm parts per million
PRB permeable reactive barrier
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Acronyms / Abbreviations

QA quality assurance

QC quality control

RBC rotating biological contactors

RCRA Resource Conservation and Recovery Act
RDX cyclotrimethylenetiinitramine

redox reduction-oxidation

ROD record of decision

RTDE Remediation Technologies Development Forum
scfin standard cubic feet per minute

SERP Steam-Enhanced Recovery Process

SITE Superfund Innovative Technology Evaluation
SIVE Steam Injection and Vacuum Extraction
STAR Science, Technology, and Research

SPH six-phase heating

SVE soil vapor extraction

SVOoC semivolitile organic compound

TAN Test Area North

TCA trichloroethane

TCE trichloroethene

TCP trichloropropane

TNT trinitrotoluene

TPH total petroleum hydrocarbons

TSD treatment, storage, and disposal

US.EPA United States Environmental Protection Agency
uv ultraviolet

VC vinyl chloride

VEE vacuum-enhanced extraction

vVOC volatile organic compound

Zimpro Zimpro Environmental, Inc.
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Revised Appendix R-C
DETAILED DESCRIPTION OF PROCESS OPTIONS

R-C1 ENHANCED BIOREMEDIATION USING BIOAUGMENTED
PASSIVE TREATMENT

The following section outlines conditions that enhance microbial activity and expedite
natural biodegradation processes to reach cleanup objectives.

R-C1.1 ANAEROBIC BIODEGRADATION

Site-specific conditions may exist where natural degradation processes are limited by
nutrients (organic substrates) or by the microbes necessary to degrade the contaminants in
the subsurface, typically chlorinated volatile organic compounds (VOCs) The addition
of an organic substrate and/or dechlorinating bacterial culture to an aquifer has the
potential to further stimulate microbial growth and development, creating an anaerobic
environment in which rates of anaerobic biodegradation are enhanced.

R-C1.1.1 Description

Chlorinated hydrocarbons may undergo anaerobic biodegradation under the following
mechanisms:

. Reductive Dechlorination — whereby microorganisms in the subsurface gain energy when
one or more chlorine atoms on a chlorinated hydrocarbon (electron acceptor) are replaced
by hydiogen {(electron donor) in an anaerobic environment; and

. Cometabolic Reductive Dechlorination — whereby a chlorinated compound is reduced by a
non-specific enzyme or co-factor produced during microbial metabolism of another
compound in an anaerobic environment (ACFEE, 2004).

Although one or more of these processes may be operating simultaneously, at many sites,
the reductive dehalogenation of chlorinated hydrocarbons appears to be the most
important under natural conditions.

Biostimuiation

Bioremediation is a process in which indigenous or inoculated microorganisms (ie.,
fungi, bacteria, and other microbes) degrade (metabolize) organic contaminants found in
soil and/or groundwater Biostimulation attempts to accelerate the natural biodegradation
process by providing nutrients (electron donois) to facilitate rapid conversion of
contaminant organics to innocuous end products.

Organic substrates, which act as electron donors and include naturally occurring organic
carbon, accidental releases of anthropogenic carbon (i.e., fuel), or introduced substrates
such as carbohydzates (ie., sugars), alcohols, vegetable oils, plant debris (1 e., mulch) and
low-molecular-weight fatty acids (ie , lactate), generate hydrogen by fermentation which
is actively consumed by the microorganisms as well as by other bacteria (denitsifiers,
iron-reducers, sulfate-reducers, and methanogens). To promote the proliferation of
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dechlorinating microorganisms, the food soutce needs to be adequately provided, both for
the microorganisms and other species competing for electron donors.

Broaugmentation

In anaerobic-reducing environments, the main biodegradation mechanism for chlorinated
ethenes is reductive dechlorination. In this pathway, the dechlorination of trichloroethene
(TCE) proceeds sequentially to the cis-isomer (preferentially) of 1,2-dichloroethene (cis-
DCE), and then to vinyl chlozide (VC), followed by ethene.

Sulfate-reducers and methanogens appear to possess the ability to mediate the initial steps
of dechlorination of tetrachloroethene (PCE) and TCE to ¢is-DCE. However, specific
dehalo-respiting microorganisms (that use chlorinated chemicals as their terminal
electron acceptors, instead of oxygen) appear to be required to mediate further and
complete dechlorination of ¢is-DCE to VC and ethene (Maymo-Gatell et al , 1997). A
number of distinct types of dehalo-respiring bacteria have been identified, including
Dehalospirillium multivorans (Scholz-Muramatsu et al., 1995), Dehalobacter restrictus
(Schumacher and Holliger, 1996) and Dehalococcoides (Dhc) ethenogenes (Maymo-
Gatell et al, 1997). However, to date only Dehalococcoides ethenogenes has been
demonstrated to complete dechlorination beyond ¢is-DCE to ethene.

A microcosm study may be conducted to determine the presence of dehalo-respiring
microorganisms. A microbial analysis is also available that utilizes a DNA polymerase
chain reaction (PCR) technique, which identifies the presence or absence of the microbial
species based upon the presence of specific DNA sequences that are unique to
Dehalococcoides-like organisms. Where the dehalorespiring microorganisms necessary
for complete degradation to ethene are not present in the subsurface, bicaugmentation
may be required. Bioaugmentation is the process of injecting these consoitia of
dehalorespiring microorganisms into the treatment zone.

Fassive LBioremea/ztion

Vegetable oils, due to their limited solubility and immiscible nature, provide a long-
lasting, stationary source of organic catbon. Emplacement of vegetable oils in the
subsurface can provide a sustained source of organic carbon for stimulation of bioactivity
over anticipated lifespans of 1 to 5 years, depending on the groundwater velocity and
contaminant mass flux. Permeable barriers may be formed through the injection of
vegetable oils into the subsurface to provide passive groundwater treatment, with
operational requirements limited to performance monitoring and occasional reinjections
(if required).

Once injected, the oil slowly dissolves, generating volatile fatty acids (VFAs), alcohols,
and other carbon-based byproducts providing a long-term source of electron donor in the

form of dissolved carbon. The electron donor and chlorinated VOCs become mixed when
impacted groundwater flows through the zone of injected oil.
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The volume of oil required at each injection point must be sufficient to:

a) Provide electron donor in the correct stoichiometric amounts for the chlorinated VOC
degradation reactions and overcome competing reactions; and

b) Account for the constant renewal of chlorinated VOCs and other electron acceptors
by groundwater flow into the zone of injected oil.

The most common form of the vegetable oil application is the use of an oil-in-water
emulsion. Injection of water with the oil acts as a driving force that pushes the oil out
into the formation. Modifying the oil saturation in the emulsion (typically 0.5 to
10 percent) is an effective method to control the substrate loading. Oil saturations greater
than 10 to 15 percent may cause a reduction in hydraulic conductivity, limit the radius of
distribution of the oil around the injection point, and be difficult to inject under high
backpressures. Substrate loading can also be controlled by the substrate chosen, as
different oils have different degradation rates (Borden, 2002).

Emulsification agents can be used to stabilize the oil emulsion to further extend the zone
of electron donor The agent is usually a long molecule with a hydrophilic (water-
soluble) end and a hydrophobic (oil-soluble} end. The agent preferentially forms a
coating or skin around the outside of the oil droplet and when sufficient concentrations of
emulsification agent are present, the integrity of the droplet is maintained by the skin of
the emulsification agent When the emulsion is introduced to the groundwater, the
emulsification agent will paztition into the water, as it is weakly soluble in water alone,
and the emulsion will “break”. At this point, the oil droplet will stop acting as a colloid
and begin to act as a hydrophobic droplet that will preferentially sorb to the soil. Once
sorbed to the soil, the oil droplet will remain stationatry and not flow with groundwater.

The sorbed oil will create a “source” zone of oil in the subsurface. As groundwater flows
past the oil droplets, the groundwater will become charged with dissolved vegetable oil,
becoming the source of carbon (electron donor) that supports microbial growth for
degradation of chlorinated molecules in the groundwater.

R-C1.1.2 Applicability

Oil systems have been used in source areas and biobarrier configurations, with effective
remediation of dense, non-aqueous-phase liquid (DNAPL) as well as high and low levels
of dissolved-phase chlorinated VOC contamination in groundwater (ACFEE, 2004).

The technology is particula:ly applicable to situations where conditions are conducive to
anaerobic biodegradation but the system is lacking in organic carbon. Biodegradation of
an organic substrate (electron donor) depletes the aquifer of dissolved oxygen (DO) and
other terminal electron acceptors, which reduces the oxidation-reduction potential (ORP)
of groundwater, thereby stimulating conditions conducive to anaerobic degradation
processes. After DO is consumed, anaerobic microoiganisms typically use native
electron acceptors (as available) in the following order of preference: nitrate, manganese
and ferric iron oxyhydroxides, sulfate, and finally carbon dioxide.  Anaerobic
dechlorination has been demonstrated under nitrate, iron, and sulfate reducing conditions,
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but the most rapid biodegradation rates, affecting the widest range of chlorinated VOCs,
occur under methanogenic conditions (Bouwer, 1994).

R-C1.1.3 Advantages

In situ anacrobic bioremediation with oil is advantageous because:

1t has lower capital and maintenance costs (oil emulsion substrate addition can
be accomplished using conventional well installations or direct-push technology
and the slow release of the substrate allows for limited operational
expenditures);

The contaminants are degraded in situ, rather than transferred to another phase
where secondary waste treatment is necessary and potential exposure to the
contaminants can oCccur;

Interphase mass transfer effects from the anaerobic process may increase the
rate of DNAPL source zone dissolution, which is potentially applicable where
remediation of contaminant source areas has been limited by dissolution;

It treats a wide variety of contaminants, enabling this form of remediation to be
applied to sites where multiple contaminants are present; and

This technology is easily used in conjunction with other remedial techniques and
is directly compatible with monitored natural attenuation.

R-C1.1.4 Limitations

Limitations of o0il emulsions and in situ anacrobic bioremediation are;

Balancing the amount of electron donor (oil emulsion) to electron acceptors in
the groundwater is difficult with a one-time application. This can result in the
excess production of methane that can block pore spaces, or create strongly
anaercbic and reducing conditions that may mobilize some indigenous metals

(e g., iron, manganese, and potentially arsenic), cause the transient formation of
undesirable fermentation products (e.g., aldehydes and ketones) and produce
hydrogen sulfide. Other potential impacts such as changes in the total dissolved
solids (TDS) may occur. These secondary water quality impacts may attenuate
naturally, provided there is a sufficiently large attenuation zone;

Degradation can be limited by high levels or influx of competing electron
acceptors, and geochemical conditions such as high or low pH can inhibit
microbial growth;

A low permeability or high degree of heterogeneity in the subsurface may limit
the ability to effectively distribute the substrate throughout the aquifer; and

The timeframe to grow a microbial population capable of complete degradation
may be on the order of several months to years at many sifes, which may require
prolonged process monitoring.

Many of these limitations can be abated by an understanding of the conditions of the
subsurface and applying appropriate adjustments to the design of the oil system.
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R-C1.1.5 Data Needs

Characteristics that should be investigated prior to system design include aquifer
permeability, site hydrology, depth, type, concentration and biodegradability of
contarninants as well as the parameters listed below. It is advisable that a microcosm
study and pilot-scale test be conducted prior to full-scale implementation to assess the
feasibility of this remedial approach.

The following parameters should be analyzed prior to system implementation as well as
monitored during remedial operations:

Redox Parameters — factors such as DO and ORP should be monitored to assess
changes in redox conditions required in the subsuiface to establish anaerobic
conditions and ensure a secure environment for microbial growth;

Metals and Anions — samples for metals and anion analysis should be collected
to identify potential competing electron acceptors (¢.g., sulfate), determine if
metals have been mobilized by changes in redox conditions, and to assess
potential issues with secondary water quality parameters;

Methane — methane production is anticipated in an anaerobic environment and
should be monitored to ensure it does not inhibit other biodegradation activities
or constitute a health and safety hazard;

pH — the pH should be monitored to assess if any significant changes in
geochemical conditions have occurred. Optimal pH for dechlorination of
chlorinated ethenes is in the range of 6 to 8; groundwater pH outside of this
range may inhibit bicactivity rates;

Tracers — the use of tracer compounds, such as bromide, are useful to gauge
maximum oil distribution during the implementation of an oil biobartier and to
compare changes in chlorinated VOC concentrations to tracer mass balances for
an evaluation of mass loss of these target constituents over time;

Groundwater Parameters — factors such as temperature, specific conductivity,
turbidity, odor and depth to water should be monitored for changes in
geochemical conditions;

Microbial Analysis — an analysis of Dehalococcoides ethenogenes prior to and
after the oil injection is useful to determine if a sufficient and appropriate
microbial popuiation is present in the subsurface for degradation as well as to
correlate an increase in the microbial populatlon to the degt adation of

-chlorinated VOCs;-and--

VFAs and Total Organic Carbon (TOC) - These parameters should be analyzed
to monitor the degradation of electron donor for indication of biological activity
and depletion of the electron donor

R-C1.1.6 Performance Data

Case studies from Dover Ai1r Force Base, Kelly Air Force Base, Launch Complex 34 at
the Kennedy Space Center, and Altus Air Force Base demonstrating bioaugmentation,
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biostimulation using oil emulsions and bioremediation of DNAPL source areas are
presented below.

DPover Air Force Base Pover Pe/aware

The Remediation Technologies Development Forum (RTDF), a collaboration between
federal and industrial partners (www.itdf.org), evaluated accelerated anaerobic
bioremediation and natural attenuation of TCE in groundwater at Dover Air Force Base
(AFB) in Delaware. The RTDF constructed more than 1000 microcosms {Lee ef al.,
2000) using site soil and groundwater amended with various electron donors including:
volatile fatty acids (acetate, lactate), alcohols, sugars (including molasses), and complex
organics. Although TCE was reduced to ¢is-DCE regardless of the amendment used,
conversion past cis-DCE to VC and ethene were observed in only a small percentage of
microcosms incubated during the course of these studies (up to 500 days), even when
methanogenesis was occurring. This result showed that Dhc is sparsely distributed at this
site because TCE should have been dechlorinated beyond c¢is-DCE in a
greater percentage of these microcosms. Thus, we can conclude that microorganisms
capable of converting cis-DCE to ethene were either absent, very sparsely distributed, or
inactive at this site

Harkness et al , (1999) demonstrated the need for bioaugmentation using columns filled
with soil from the Dover AFB site. TCE was not degraded beyond ¢is-DCE in columns
that had been fed only electron donors for up to 200 days. This timeframe should have
been sufficient to stimulate the growth and activity of any indigenous Dhc. Injection of a
small volume of a culture containing DhAc (the Pinellas culture) into one of the columns
stimulated complete dechlorination of ¢is-DCE to ethene within 20 days in that column.
The same effect was later observed in a second column injected with the same culture.
VC production was transient in both bicaugmented columns, with rapid conversion to
ethene This supports the conclusion that Dic microorganisms were not initially present
in the aquifer material but were responsible for complete dechlorination after their
addition.

This conciusion was supported by the results of a field bioaugmentation demonstration at
the site (Ellis et al., 2000). The pilot treatment area was fed lactate for 269 days, during
which time TCE was stoichiometrically dechlorinated to ¢is-DCE. VC and ethene were
not produced during this interval. Only after the aquifer was amended with the same
culture used in the column studies was cis-DCE completely reduced to ethene (Ellis et
al., 2000). This result demonst:ates the value of bioaugmentation when evidence clearly
indicates the absence of organisms capabie of complete conversion of ¢is-DCE to ethene.
Follow-on analysis using molecular probes (Hendrickson et al., 2002) demonstrated that
the Dhc present in the culture used for inoculation was detected only within, and not
outside of, the pilot test area (PTA), again indicating the need for, and success of,
bioaugmentation. Additional sampling performed 2 and 3 years after the completion of
the pilot test detected the continued presence of Dhc ethenogenes-like bacteria within the
PTA, but again not in the upgradient background wells. These data indicate that the Dhc
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strains injected into the subsurface can survive for long periods, and continue to
dechlorinate as long as an anaerobic environment is maintained.

Aally Air Force Base, San Anforo, 7exas

Major et al. (2002) conducted a demonstration of bioaugmentation for treating dissolved-
phase PCE, TCE, and cis-DCE at Kelly AFB in San Antonio, Texas. Prior to the
demonstration, the site groundwater contained about 1 mg/L. of PCE and lower amounts
of TCE and cis-DCE, without any detectable VC or ethene. Analysis with 16S tDNA-
based PCR methods did not detect Dhc in any groundwater or sediment samples from the
PTA. Laboratory microcosm studies showed that non-bicaugmented treatments
containing lactate or methanol resulted in stoichiometiic conversion of TCE and cis-
DCE, without further dechlorination of ¢is-DCE to VC or ethene. Microcosms
bicaugmented with KB-lTM (mixed dechlorinating culture) and methanol
stoichiometrically converted all of the TCE to ethene.

The field test consisted of three recirculation plots, two that served as control plots, and
one that was bioaugmented with KB-1™ The test plot was recirculated for 89 days to
equilibrate the system and to conduct the bromide tracer test. From day 90 to day 175,
methanol and acetate were added as electron donors to establish reduced conditions and
to stimulate reductive dechlorination by the indigenous bacteria Bioaugmentation with
13L of KB-1™ occurred on day 176. Performance monitoring of the control and test
plots showed that in the presence of methanol and acetate, the indigenous bacteria could
be stimulated to dechlorinate PCE to ¢is-DCE. However, no dechlorination past ¢is-DCE
was observed in the control plots for the remainder of the test. In contrast, VC was
detected 52 days after bioaugmentation with KB-1™ in the test plot, and by day 318
ethene was the dominant product. Calculated half-lives for degradation were on the order
of minutes to hours. 16S rDNA-based PCR methods were used to monitor the migration
and growth of KB-1'™ culture after injection. Molecular monitoring showed that the
culture had completely colonized the 9.1 meter-long aquifer test plot within 115 days
after the one-time injection of KB-1 ™ The two control plots were installed and operated
in the same manner as the test plot, but were never amended with KB-1 ™. In these
control plots dechlorination stalled at ¢is-DCE, with no VC observed during 216 days of
operation. Molecular analysis confirmed that Dhc was not present in the conirol plots.

The most conclusive evidence for the need for bicaugmentation at this site was obtained
from molecular techniques, which showed that the “fingerprint” of the Dhc species in the
KB-1™ culture had spread throughout the bicaugmented test plot, whereas Dhc was not
detected in the control plots or outside of the bioaugmented test piot. This study also
showed that there were naturally-occurring Dhc organisms present at a geographically-
isolated area of Kelly AFB. Interestingly, these Dhc were located in a waste pit that was
very clayey, with little to no groundwater movement, and that had received organic waste
and chlorinated solvents for decades. This Dhc had a different “fingerprint” than the
KB-1™ bjoaugmentation culture, and this different signature was not detected in the field
pilot plot that was bioaugmented.
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Laurnch Complex 34, Kenneay Space Cenier, FL

Launch Complex 34 (LC-34) 1s the site of historic releases of TCE, which is present in
the subsurface as DNAPL. Up to 40,000 kg of TCE is present in the aquifer below LC34,
suggesting that the restoration of groundwater quality through intrinsic remediation
processes will require many decades. As part of an ongoing effort to accelerate
remediation at LC34, the NASA Small Business Innovation Research (SBIR) program
supported a demonstration of enhanced in situ bioremediation of TCE DNAPL that was
initiated in May 2002. Concurrent performance monitoring for the purpose of technology
validation was completed by the USEPA SITE progiam.

Under intrinsic conditions at LC-34, TCE biodegradation results in the accumulation of
cis-DCE with limited conversion to VC, suggesting that complete degradation is limited
by the absence of the appropriate dehalorespiring microorganisms. Molecular
characterization of 16S rRNA sequences of the Dhc microorganisms in groundwater at
the facility suggest that these organisms are members of the Cornell sequence subgioup,
which are loosely defined as a phenotype which is not capable of complete conversion to
ethene.

Beginning in October 2002, groundwater amended with a dilute solution of ethanol was
recirculated through a test plot constructed within the DNAPL source area. Prio:r to
ethanol amendment, the concentration of TCE in the recirculated groundwater was
160 mg/L. The addition of this electron donor, at a concentration equivalent to a four-fold
stoichiometric excess to that required to reduce all electron acceptor in groundwater
(primarily TCE and sulfate), resulted in an increase in TCE biodegradation and
stgnificant accumulation of ¢is-DCE and VC. Electron donor addition and groundwater
recirculation was continued until February 2003 (107 days). Subsequently, the test plot
was bioaugmented with 40 L of KB-1'M. After a five month lag period, a rapid increase
in dechlorination rates was observed with ethene concentrations in a stoichiometric
excess of initial TCE concentrations at some sampling locations, suggesting that
biodegradation resulted in enhanced dissolution of TCE DNAPL at the local-scale
(GeoSyntec, 2003). Further performance monitoring conducted by the USEPA SITE
program indicated greater than 98% removal of the DNAPL. mass within the treatment
area (Battelle, 2004).

This study confirms earlier laboratory evidence indicating the dechlorinating activity is
not inhibited by the high VOC concentrations typically associated with TCE DNAPL
source zones. The occurrence of high VOC biodegradation rates with complete
conversion to ethene, coupled with the absence of significant methanogenesis, suggests
that bioaugmentation may be an effective approach for both enhanced DNAPL removal
and/or biocontainment of VOC-impacted groundwater in DNAPL source zones.

Altis Arr Force Base, Altis, Ok/aloma

A field pilot study, sponsored by the Air Foice Center for Environmental Excellence
(AFCEE), was conducted at Altus AFB in Altus, Oklahoma to evaluate the use of
emulsified oil for stimulating in sifu anaerobic bioremediation of chlorinated solvents.
Historical solvent releases of degreasing agents at Altus AFB resulted in a 5,000 ft long

page R-C-8 Revised Appendix C — Final GW RFS Report [R Site 70, NAVWPNSTA Seal Beach, SB

Cirtwhb\iinal RFS\2005-RFS-Appendix C-25-08-05.doc



RFS/GeoSyntec Consuitants
NA47408-04-C-7526
Date: ©8/25/05

Appendix R-C Detailed Description of Process Options

chlorinated solvent plume with TCE concentrations reaching 78,000 pg/L in the source
area.

The pilot test was conducted in an area approximately 250 ft downgradient from the
source area. A mixture of emulsified soybean oil, lactate, and yeast extract was injected
in a line of six permanent 2-inch polyvinyl chloride (PVC) wells spaced 5 ft apart and
installed perpendicular to groundwater flow to create a 30 ft wide Edible Oil Substrate
(EOS™) permeable reactive barrier that would stimulate reductive dechlorination.
Following injection of the emulsion, water was injected to help distribute the emulsion
through the subsurface.

Evidence of the distribution and degradation of the emulsified oil was tracked by
monitoring TOC levels., Immediately after the injection, elevated TOC levels above
baseline were evident in injection wells and downgradient monitoring points; however
locations with low permeabilities showed little to no change in their TOC levels,
demonstrating the relevance of permeability on the emulsion distiibution.

The injection of emulsified oil was shown to effectively stimulate reductive
dechlorination and diminish concentrations of VOCs in the subsutface = Concentrations
of total ethenes initially decreased, likely due to dilution and/or sorption to the oil;
howevet, over the long term (7-1/2 months), the concentration of total ethenes was more
than 90 percent of the pie-injection TCE concentration, demonstrating that
dilution/sorption was no longer significant and that the observed reductions in
contaminant concentrations were due to biodegradation. Decreases in TCE and cis-DCE
and concomitant increases in VC and ethene concentrations further support the
degradation of parent producis. The degree of biodegradation is dependent on the
distribution of emulsion in the aquifer, which is dependent on the aquifer permeability.
In locations of higher permeability where fluids would preferentially flow, a substantial
increase in reductive dechlorination processes was obseived. In areas with low
permeability which would restrict fluid flow, no significant enhancement of reductive
dechlorination was found (ACFEE, 2004).

Various parameters were tracked to assess the influence the oil emulsion had on the
subsurface. Dissolved oxygen, used by microbes as an electron acceptor for the
biodegradation of organic carbon, was depleted as aerobic microbes metabolized the oil,
creating anaerobic conditions favorable to enhanced reductive dechlotination. In
addition, the presence of methane above background conditions indicated microbial
degradation (methanogenesis) was occurting and conditions that are conducive for
reductive dechlorination. Substantial amounts of dissolved and solid-phase sulfate are
present at Altus AFB, which can inhibit reductive dechlorination processes by competing
for available hydrogen or producing toxic levels of sulfides. Pre- and posi-injection
sulfate data illustrated that areas impacted by the emulsion (increased TOC) had
corresponding decreases in both sulfate and VOCs, with no inhibition of reductive
dechlorination processes (ACFEE, 2004).

The addition of slowly biodegradable organic carbon in the form of a soybean oil-in-
water emulsion was found to enhance reductive dechlorination. Biological enhancement
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is dependent on the distribution of emulsion in the aquifer. Where contaminated
groundwater came immediately in contact with the soybean oil emulsion, a substantial
increase in reductive dechlorination processes was observed. In these locations, VOC
concentrations were shown to generally decline along with dissolved oxygen and sulfate
and areas where this was observed showed a significant correlation to the TOC
concentrations, providing strong evidence for significant reductive dechlorination.

R-C1.1.7 Costs

The major costs incurted through the use of oil emulsion permeable biobarriers include
capital costs for well installation for the oil injections and the oil itself. Typical costs for
a 48% emulsion of soybean oil mixed with water, lactate and emulsions (as supplied by
RNAS) is around $2.65/kg of emulsion. Operation and maintenance costs consist
primarily of electron donor (periodic reinjections of oil emulsion) and monitoring. Little
of the capital cost is associated with equipment or instrumentation as no permanent
infrastructure is required for the injections. QOil and well installation costs can be
minimized by optimizing the spacing between linear barriers to allow for sufficient pore
volumes of groundwater to be flushed through the barrier within the targeted remediation
timeframe.
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Date: 08/25/05

FOREWORD

This revised appendix documents the development of order-of-magnitude cost estimates for the
bioremediation remedial alternative evaluated in this revised feasibility study (RES), which
addresses groundwater contamination at Installation Restoration (IR) Program Site 70 at Naval
Weapons Station Seal Beach NAVWPNSTA Seal Beach), Seal Beach, California. The Table of
Contents {TOC) in this Appendix provides a cross reference between Appendix D in the original
Feasibility Study (FS; BNI, 2002) and the revised Appendix R-D of the RFS. The shaded
portions of the TOC reflect elements of Appendix D of the FS that have not been altered for the
RFS and are thus incorporated by reference. Unshaded portions of the TOC reflect text that has
been added or revised within the RFS
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ACRONYMS/ABBREVIATIONS

AFB Air Force Base

AFCEE Air Force Center for Environmental Excellence

ARAR applicable or relevant and appropriate requirement

ASTM American Society for Testing and Materials

bgs below ground surface

BMP Best Management Practice

BTEX benzene, toluene, ethylbenzene, and xylene

CAH chlorinated aliphatic hydrocarbon

CBCEC California Base Closure Environmental Committee

CEC cation exchange capacity

CERCLA Comprehensive Environmental Response, Compensation, and Liability
Act

CES Current Environmental Solutions

CFR Code of Federal Regulations

cm/s centimeters per second

COD chemical oxygen demand

CROW contained recovery of oily waste

CSbOC County Sanitation District of Orange County

DCE dichloroethene

DNAPL dense nonaqueous-phase liquid

DOE Department of Encrgy

DON Department of the Navy

DSM deep soil mixing

DoD Department of Defense

EBCT empty bed contact time

ETI EnviroMetal Technologies, Incorporated

FRTR Federal Remediation Technologies Roundtable

ES feasibility study

FY fiscal year

GAC granular activated carbon

gpm gallons per minute
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Acronyms / Abbreviations
H202 hydrogen peroxide
HF hydraulic fracturing
HMX octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
HP horsepower
IDW investigation-derived waste
INEEL Idaho National Engineering and Environmental Laboratory
IR Installation Restoration
ISAS in situ air stripping
ISEE in situ steam-enhanced extraction
ISOTEC In-Situ Oxidative Technologies, Inc.
kg/yr kilograms per year
kW kilowatt
LNAPL light nonaqueous-phase liquid
ng/L microgrars per liter
MCAF Marine Corps Air Facility
MCL maximum contaminant level
mg/L milligrams per liter
mmkg millimeters of mercury
MMR Massachusetts Military Reservation
MSL mean sea level
NPDES National Pollutant Discharge Elimination System
NAVWPNSTA Naval Weapons Station Seal Beach
03 0zone
0&M operation and maintenance
OCWD Orange County Water District
ou operable unit
PAC powdered activated carbon
PAH polynuclear aromatic hydrocarbon
PCB polychlorinated biphenyl
PCE tetrachloroethene
PF pneumatic fracturing
POTW Publicly Owned Treatment Works
ppm patts per million
PRB permeable reactive barrier
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QA
QC

RBC
RCRA
RDX
redox
ROD
RTDF

scfim
SERP
SITE
SIVE
STAR
SPH
SVE
SVOC

TAN
TCA
TCE
TCP
TNT
TPH
TSD

U S EPA
uv

vC
VEE
VOC

Zimpro

quality assurance
quality control

rotating biological contactors

Resource Conservation and Recovery Act
cyclotrimethylenetrinitramine
reduction-oxidation

record of decision

Remediation Technologies Development Forum

standard cubic feet per minute
Steam-Enhanced Recovery Process
Superfund Innovative Technology Evaluation
Steam Injection and Vacuum Extraction
Science, Technology, and Research
six-phase heating

soil vapor extraction

semivolitile organic compound

Test Area North
trichloroethane

trichloroethene
trichloropropane

trinitrotoluene

total petroleum hydrocarbons
treatment, storage, and disposal

United States Environmental Protection Agency
ultraviolet

vinyl chloride
vacuum-enhanced extraction

volatile organic compound

Zimpro Environmental, Inc.
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Revised Appendix R-D
COST DEVELOPMENT SUMMARIES

R-D1 METHODOLOGY

Cost estimates for this RES were piepared following United States Environmental
Protection Agency technical guidance (U.S. EPA 1987, 1988) and the National Qil and
Hazardous Substances Pollution Contingency Plan. The primary source of cost data was
subcontractor quotes. Microsoft Excel spreadsheets were used to tabulate annual cost
basis and calculate the net present values in 01 January 2005 dollars

R-D1.1 DESCRIPTION OF RACER 99
R-D1.2 COST ESTIMATE COMPONENTS

Cost estimates for the IR Site 70 remedial alternatives include direct capital costs, direct
operation and maintenance (O&M) costs, indirect costs, contingency allowances, and
escalation costs.

Direct capital costs cover those items needed to develop, construct and
implement a remedial action. Direct capital costs include expenditures incurred
for engineering, reports, construction, equipment, subcontractors, and direct
support labor.

Direct O&M costs refer to those post construction items necessary to ensure the
continued effectiveness of a remedial action. Typical O&M expenses include
operating labor, consumable materials (oil emulsion), administration, services
(such as laboratory services), sampling and monitoring wells, 5-year reviews,
and other essentials associated with operation and maintenance of the installed
capital components.

Indirect costs include all other expenses necessary to support the construction
that cannot be directly associated with a specific equipment item or remedial
acttvity. Indirect costs are comprised of general conditions consisting of overall
project management, overhead, bonds and insurance, home office support, taxes,
and profit. For Alternative 11, these indirect expenditures are implicitly
included in the detailed cost analysis, as a portion of the direct capital and O&M
COsts.

Contingency allowances are assumed to be 20 percent of the total cost of each
alternative. The size of the contingency allowance would be expected to
decrease as cost estimates are prepared during subsequent phases of design, after
a remedial alternative has been selected and is proceeding toward
implementation

Escalation costs account for the increase in project expenditures over time
simply due to inflation. For this RFS, as with the FS (BNI, 2002), an annual
inflation rate of 2.5 percent was assumed.
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Appendix B-D Cost Development Summaries

R-D1.3 NET PRESENT VALUE

The net present value (NPV) of Alternative 11 was calculated using a 4.5 percent
discount rate. The NPV for total O&M costs was developed by summing the annual
O&M costs multiplied by the present value factor:

1
P/f,i,n)=
( ) Z a+a"
Where: P/f equals the present value of a future amount

I equals the interest rate (ie., 7 percent)
n equals the year in which O&M costs are incurred

The NPV of the annual O&M costs was then added to the capital cost estimate to develop
the overall NPV cost for each alternative.

The interest rate used in the NPV calculations (7 percent) represents the assumed
investment rate of retuin on government securities. It is the sum of the assumed inflation
rate (2.5 percent) and the anticipated real (inflation-adjusted) cost of money to the United
States Treasury over the 30-yeat period considered in this RIS,

R-D1.4 GENERAL ASSUMPTIONS

Assumptions that influence the cost of implementing the passive enhanced
bioremediation remedial alternative at IR Site 70 were based on general engineering
practices. The following general assumptions were used to develop cost estimates for
Alternative 11 in this RFS.

e All capital costs are based on 2004 dollars (based on quotes received from
subcontractors).

e Project start date is assumed to be 01 January 2005
e NPV is calculated in terms of 01 January 2005 dollars.

e  (O&M cost would be incurred beginning in 01 July 2005 and continue therecafter
as required by each alternative.

e The sites are accessible and would not require specialized equipment or services
for installation of wells, treatment systems, and conveyance pipelines, other than
what would normally be employed to accorplish the work.

* The groundwater treatment systems would be installed within the property
boundaries of NAVWPNSTA Seal Beach.

s All operations would be conducted using U S. EPA Level D protective clothing
or less where applicable, and only after safety and health monitoring is
completed where necessary

» No disposal of hazardous materials is included unless specified.
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Appendix R-D Cost Development Summaries

D2 COST ESTIMATES FOR IR SITE 40
R-D3 COST ESTIMATES FOR IR SITE 70

R-D3.1 ALTERNATIVE 6 — HYDRAULIC CONTAINMENT (DISSOLVED
PLUME) AND /V S/7UTREATMENT (DNAPL AREA)

R-D3.2 ALTERNATIVE 7 -~ HYDRAULIC CONTAINMENT (DISSOLVED
PLUME) AND PUMP AND TREAT (DNAPL AREA)

R-D3.3 ALTERNATIVE 9 — PUMP AND TREAT (DISSOLVED PLUMES)
AND /v S/7UTREATMENT (DNAPL AREA)

R-D3.4 ALTERNATIVE 10 — PUMP AND TREAT (DISSOLVED PLUME)
AND PUMP AND TREAT (DNAPL AREA)

R-D3.5 ALTERNATIVE 11 - BIOSTIMULATION AND
BIOAUGMENTATION (DNAPL AREA AND DISSOLVED PLUME)
USING ENHANCED BIOREMEDIATION

Alternative 11 would employ in situ enhanced biostimulation and bioaugmentation by
using emulsified oil amended with dechlorinating bacteria (Dehalococcoides
ethenogenes) to reduce the mass of VOCs in the suspected dense non-aqueous phase
liquid (DNAPL) area as well as biobarriers transecting the downgradient dissolved
plumes. A laboratory treatability study and pilot testing has been included in the cost
estimate (Tables R-D-19 and R-D-20) due to the innovative nature of the technology. It
is assumed for costing purposes that the required duration of treatment for the source area
will be 15 years and five to ten years for the dissolved plume treatment, following which
natural attenuation processes would complete the remediation.

In the DNAPL source area, full-scale implementation of this alternative would employ a
grid of standard 2- to 4-inch diameter wells installed using hollow stem auger to a depth
of 50 ft below ground surface (bgs) to deliver the oil emulsion and bacterial culture to the
aquifer. Each well will be screened between 35 and 50 ft bgs using v-wrapped screens.
For cost-estimating purposes, it is assumed that treatment would occur over an
approximate 200 by 300 ft area. Assuming a 13 ft radius of influence during injection of
the emulsified vegetable oil (EVO), approximately 48 wells will be required. In addition
to the source area, impacted groundwater has migrated toward the northern site boundary.
Biological treatment to contain the source area would be achieved by injecting electron
donor along an approximate 200 ft length of the northern site boundary, which would
require an additional 8 injection wells (for a total of 56 wells for the source area). Costs
for well installation were estimated from quotes from subcontractors.
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Table R-D-19
Cost Estimate Assumptions
Alternative 11 - Biostimulation and Bloaugmentation (DNAPL Area and Dissolved Plume) Using Passive Biobarriers

Components

Assumptions

Source Area Treatment

Number of injection wells installed/instaliation depth: 56 wells installed to 50 ft bgs, screened from 35 to 50 ft bgs, 48 installed on a grid pattern at 25 ft centers in the high concentration (>1,000 O g/L)source area, 8 wells instatled in a linear biobarrier to the north of the
source area to provide hydraulic containment

Well construction technique: Hollow-stem auger diilling, 4 inch schedule 40 PVC with V-wrapped screens

Bioaugmentation: required to stimulate complete dechlorination, application rate of 10 L per injection well, KB-1™ culture used (total of 560 1)

Amendment rate and type: emulsified vegetable oil supplied by RNAS, shipped to site in 1,000 L totes pre-emulsified, applied at a 1ate of 1% soil saturation (oil, 2.1% emulsion), assume one Injection every two years for 135 years necessary

Pluime Treatment —
First Sand Unit

Number of injection wells installed/installation depth: 4 biobarriers installed 500 ft apart {two 500 ft long, two 800 ft long) and oriented perpendicular to the groundwater flow direction. Biobarriers would consist of either 32 wells (300 ft long barrier) or 20 wells (500 ft long
barrier) installed at 25 ft centers to 100 ft deep, screened from 70 to 100 ft bgs. Biobarrier spacing assumes an approximate five year flushing rate between barriers

Well construction technique: Hollow-stem auger drilling, 4 inch schedule 40 PVC with V-wrapped screens

Bicaugmentation: required to stimulate complete dechlorination, application rate of 10 L per injection well, KB-1™ culture used (total of 1,040 L)

Amendment rate and type: emulsified vegetable oil supplied by RNAS, shipped to site in 1,000 L totes pre-emulsified, applied at a rate of 0.5% soil saturation {oil, 1% oil emulsion), assume one injection every two years for 4 to 6 years

Number of injection wells installed/installation depth: 2 biobarriers installed 500 ft apart (one 500 ft long, one 800 ft long) and oriented perpendicular to the grovndwater flow direction. Biobarriers would consist of cither 32 wells (800 ft long barrier) or 20 wells (500 ft long

Plume Treatment —
Second Sand Unit barrier) installed at 25 ft centers to 160 ft deep, screened from 120 to 160 ft bgs. Biobarrier spacing assumes a five year flushing rate between barriers

Well construction technique: mud rotary drilling, 4 inch schedule 40 PVC with V-wrapped screens

Bicaugmentation: required to stimulate complete dechlorination, application rate of 10 L per injection well, KB-1™ culture used (total of 560 L)

Amendment rate and type: emulsified vegetable oil supplied by RNAS, shipped to site in 1,000 L totes pre-emulsified, applied at a rate of 0.5% soil saturation (oil, 1% oil emulsion), assume one injection every two years for four years
Monitoring Number of new wells/installation depth/screen length:

4 wells / 50 ft bgs / 15 ft (source monitoring wells)
28 wells / 90 t bgs / 15 ft (sand unit 1, plume monitoring wells, 3 upgradient and 3 downgradient of each of four barriers, plus ! between the four barriers)
14 wells / 150 ft bgs / 15 ft (sand unit 2, plume monitoring wells, 3 upgradient and 3 downgradient of each of two barriers, plus 2 between the two barriers)
Well construction materials: Schedule 40 PVC, 4 inch ID
Well construction technique: Hollow-stem auger drilling for wells installed above 100 ft bgs, mud rotary for wells installed below 100 ft bgs
Number of wells sampled per year:
Year 1: 71 wells (63 wells plume, 8 source, quarterly sampling)
Year 2: 71 wells (63 wells plume, 8 source, semi-annual sampling)
Years 3 to 6: 71 wells (63 wells plume, 8 source, annual sampling)
Years 7 to 15: 13 wells (4 wells plume (for MNA monitoring), 9 source, annual sampling)
Sample frequency: Quarterly (first year), biannually (second year), annually (years 3 to 15 in the plume to monitor for MNA, and years 3 to 15 in the source area)

Analyses:
VOCs U.8. EPA Method 8260B flow level]
Dissolved metals (iron I, manganese, arsenic) U S. EPA Method 6010B
Total organic carbon U S. EPA Method 415
Dissolved gases (methane, ethane, ethene) U.S EPARSK-175
Anions (80;, ClI, NO,, §, POy 1.5, EPA Method 300.0
Volatile fatty actds (lactate, acetate, butyrate, propionate, formate, hexanoate) U.S. EPA 8015 Modified GC/FID
Field parameters (temperature, pH, ORP, specific conductivity, water elevation, DQ) field meter
QA/QC samples 20%

Monitoring Duration: 6 years for active bio, 9 years following for MNA (plume), 15 years (source)

Periodic Review Afier 5 years
Acronyms/Abbreviations:

bgs — below ground surface

IR — Installation Restoration (Program)

MNA — monitored natural attenuation

ORP — oxidation reduction potential

PVG - polyvinyl chioride

QA/QGC - quality assurance / quality control

RNAS — Remediation and Natural Attenuation Services
S04, Cl, NO; & S — sulfate, chloride, nitrate and sulfide

U.S. EPA — United States Environmental Protection Agency
VOC — volatile organic compound
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Table R-D-20
Cost Estimate Summary

Alternative 11 - Biostimulation and Bicaugmentation (DNAPL Area and Dissolved Plume) Using

Passive Biobarriers

Cost

Description
Capital Cests

Groundwater monitoring wells (installation of 42 wells) $166,000

Oil amendment injection wells (installation of 212 weils) $1.097,000

Temporary oil injection equipment $100,000

Professional labor {includes Proposed Plan, Record of Decision, Remedial Action Plan, $2,162,000

workplan, design and startup, well installation oversight})

Site characterization and laboratory treatability study $800,000
Total capital costs (based on January 2005 doilars, including prefit and overhead) $4,325,000
O&M Costs

Oil emulsion (15 year supply) $4,199.000

Oil injection labor (15 years) $574,000

Monitoring {includes 20% QA/QC, sampling, analysis, mobilization and labor} $2.003,000

Gene-Trac analysis $108,000

KB-1'™ $602,000

Annual Professional Costs (five year reviews, annual reporting, field program start-up and 3,865,000

management)

Total O&M Costs (including 2.5 % inflation per annum) $11,351,000
Subtotal $15,676,000
TOTAL (including 20 % contingency) $18,810,000
NET PRESENT VALUE (based on January 2005 dollars) $14,663,000
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EVO would be delivered to the source area to achieve a residual oil saturation of 1% of
the pore volume. Groundwater from the intermediate zone will be pumped to provide the
site water for mixing. Bulk pricing of the EVO is currently priced at $2 64/kg delivered
to the site, for a cost of $4,500 per well. EVO would be injected once every two years
into the source area. It is likely that the lifespan of the oil will exceed these estimates,
which would reduce costs significantly; however, there is not yet enough field
implementation data available to accurately gauge the oil lifespan in the subsurface. For
costing purposes, we have assumed a 15-year duration is required to treat the DNAPL
source, after which MNA is assumed to provide adequate mass control.

In the dissolved phase plume, full-scale implementation of this alternative would employ
a series of biobarriers oriented perpendicular to the direction of plume migration along
the groundwater flowpath. The number of biobarriers used impacts the length of time for
plume remediation; a greater number of biobarriers would decrease the remediation time
frame but increase the installation cost. For costing purposes, the biobartier transects
would be placed at a spacing equal to 5 years of groundwater flow. Based on currently
available hydrogeologic data, this may be achieved by spacing the biobarriers 500 feet
apart within the first and second sand units at the site. Based on the distribution of VOCs
above a concentration of 50 ug/L (the effective bioremediation action level), the
biobarriers would be approximately 500 to 800-feet wide. A total of 6 biobarriers would
be required (four in the upper sand unit, 2 in the lower sand unit).

For costing purposes, three biobarriers are assumed to have an average width of 500 feet
and be comprised of 20 wells each, for a total of 60 wells for these biobarriers (20 wells
in the second sand unit, 40 in the first sand unit). The remaining three biobarriers are
assumed to have an average width of 800 feet, which will require 32 wells per barrier, or
96 wells total (32 wells in the second sand unit, 64 in the first sand unit). Injection wells
within each biobarrier will be spaced on 25 foot centers, which will provide some overlap
of the oil distribution based upon the 25 foot radius of influence observed in previous
pilot tests (BNI, 2004a). Shallower wells will be standard 2 to 4-inch diameter wells
installed by using hollow-stem auger to a depth of 100 ft bgs. Each well in the first sand
unit will be screened between 70 and 100 ft bgs by using v-wrapped screens. Wells
screened in the second sand unit will also be standard 2- to 4-inch diameter wells
installed by using mud rotary (due to heaving sands) to a depth of 160 ft bgs. Each
deeper well will be screened between 120 to 160 ft bgs by using v-wrapped screens.

The 6 biobarriers will require a total of 156 injection wells to dissect the VOC plume.
Assuming a 13-foot radius of injection and screened intervals of 30 and 40 ft in the
shallower and deeper sand units respectively, each deeper well would require 1,850 kg of
EVO every two years (assuming biannual injections) and each shallower well would
require 1,250 kg of EVO every two years. Therefore, the 156 injection points would
require a total of 225,000 kg of EVO every two years. This would cost approximately
$594,000 every two years, not accounting for inflation. For costing purposes, it was
assumed that the passive biobarriers in the plume would be required for between 4 to 6
years (6 years nearer the source area, 4 years at the toe of the plume), after which MNA
would provide adequate mass control.
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The oil injections would occur using temporary injection equipment consisting of a
proportional feed system designed to introduce an amendment solution into a water
stream at a known ratio of the delivered flow rate. The proportional feed system will
consist of multi-channels (upwards of 30 to 40 channels) allowing for injections into
multiple wells to occur at the same time. Groundwater would be extracted from one or
more nearby wells, blended and fed through the proportional feed system and amended
with the oil emulsion prior to splitting of the flow into up to 40 injection wells. The
injection equipment will be temporary and will be manually operated. Equipment
required to construct each multi-channel injection system includes up to 40 proportional
feed injectors, flow control elements (valves, flow meters, etc.), groundwater extraction
pumps (up to 10), piping, and in-line filters. The oil emulsion will be injected directly
from the shipping containers, so no permanent storage is required. Injections of the
required amounts of fluids will require 8 to 11 days (assuming injection rates of 5 and 10
gpm are achievable into each source and plume area wells respectively) per biobarrier (up
to 40 wells at a time), requiring a total of 73 10-hour days. The time for injection may be
altered depending on achievable injection rates.

Bioaugmentation would be used to stimulate complete biodegradation of the chlorinated
ethenes to innocuous end products (ethene, carbon dioxide) A commercially available
mixed culture containing the dechlorinating microorganism Dehalococcoides
ethenogenes, called KB-1™ would be added to each injection well at the rate of 10 L per
well one month after injection of the oil emulsion

R-D4 REFERENCES

United States Environmental Protection Agency. 1987. Remedial Action Costing
Procedures Manual. EPA/600/8-87/049. October.

. 1988, Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA OSWER Directive 9355.1. EPA/540/G-89/004. Interim
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FOREWORD

This revised appendix provides a description of the numerical flow and transport model that was
developed to analyze remedial Alternative 11 involving bioremediation of both the source and
plume for Installation Restoration (IR} Program Site 70 at Naval Weapons Station Seal Beach
(NAVWPNSTA Seal Beach), Seal Beach, California. The Table of Contents (TOC) in this
Appendix provides a cross reference between Appendix E-2 in the original Feasibility Study (FS;
BNI, 2002) and the revised Appendix R-E2 of the RFS. The shaded portions of the TOC reflect
elements of Appendix E of the FS that have not been altered for the RFS and are thus
incorporated by reference. Unshaded portions of the TOC reflect text that has been added or

revised within the RFS.
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bgs
BNI

cm/s
cm3/g
cm2/min

3-D
DCA
DCE
De
DNAPL

ERSE

foc

FS

ft-1
ft/day
ft2/min

g/cm3
g/mole

gpm
IR

kd
koc
kg/L

b
1b/ft3

pe/L
mg/L
MSL

NAVWPNSTA

below ground surface
Bechtel National, Inc.

centimeters per second
cubic centimeters per gram
square centimeters per minute

three-dimensional
dichloroethane

dichloroethene

aqueous diffusion coefficient
dense nonaqueous-phase liquid

Extended Removal Site Evaluation

fraction of organic carbon
feasibility study

per foot

feet per day

square feet per minute

grams per cubic centimeter
grams per mole
gallons per minute

Installation Restoration (Program)
distribution coefficient
organic carbon-to-water partitioning coefficient

kilograms per liter

pound
pounds per cubic foot

micrograms per liter
milligrams per liter

mean sea level

Naval Weapons Station Seal Beach
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Acronyms / Abbreviations

PCE tetrachloroethene

TCA trichloroethane

TCE trichloroethene

U.S. EPA United States Environmental Protection Agency
vOC volatile organic compound

vol. % volumetric percent

wt. % weight percent
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Revised Appendix R-E2
IR SITE 70 TRANSPORT MODEL

R-E2 INTRODUCTION

This revised appendix provides a description of the numerical flow and transport model
that was developed to analyze remedial alternatives for Installation Restoration (IR)
Program Site 70 for Alternative 11 involving bioremediation of both the source and
plume In most respects, the model developed by Bechtel (BNI, 2002) was recreated, to
provide an equal basis of comparison between Alternative 11 and the alternatives
discussed in the FS. Sections R-E2.2 and R-E2.3 provide overviews of the original
conceptual and numerical models and highlight any changes made for Alternative 11.
Sections R-E2.4 and R-E2.5 discuss the results of the Alternative 11 simulation and
impact of model uncertainty.

R-E2.1 CONCEPTUAL MODEL

Results of the ERSE showed that volatile organic compounds (VOCs), primarily
trichloroethene (TCE), have migrated downward through the shallow stratigiaphic units
into deeper zones The highest VOC concentrations in groundwater are located in the
interbedded unit but are also present at lower concentrations in the underlying first and
second sand units. The deeper portion of the plume, in the first and second sand units,
has migrated beyond IR Site 70. The conceptual model and the subsequent numerical
model focus on the area of the plume within and beyond IR Site 70, where the influence
of the remedial Alternative 11 will be evaluated, and include all stratigraphic units where
VOCs have been consistently detected.

E2.1.1 Hydrogeology

The site-specific hydrostratigraphic units are shown in Figure E2-1. The units include
surficial soils, shallow clay unit, interbedded unit, first sand unit, shell horizon, second
sand unit, and deep clay unit. The shallow clay unit and the deep clay unit are continuous
layers composed of fine-grained material (clay and silt). Coarser-grained soils (sand and
silty sand) comprise portions of the interbedded unit and dominate the first sand unit,
shell horizon, and second sand unit. The water table is located in the shallow clay unit
(BNI, 2002).

Step tests were performed in wells screened within the upper portion of the interbedded
unit, and within the upper portion of the first sand unit. A 5-day pumping test and a 3-
month pilot test were performed using well EW-70-01, screened in the interbedded unit.

Natural hydrogeologic boundaries within or adjacent to the site appear to be absent.
Regional hydrogeologic boundaries beyond the study area (e.g., groundwater divide,
river, or ocean) are distant from IR Site 70 and are, therefore, unlikely to affect the
remedial alternative model for IR Site 70,

Recharge from precipitation infiltrating within IR Site 70 is expected to be negligible
because the majority of the area is covered with pavement and buildings. Recharge
beyond IR Site 70 is possible in areas of bare soil and unlined stormwater channels, but
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Appendix R-E2 IR Site 70 Transport Model

recharge is likely most significant in areas of agricultural irrigation and domestic lawn
watering.

Groundwater dischaige occurs at water supply wells that were identified in the ERSE
Report. These supply wells are located beyond IR Site 70, but within the Navy property,
and are screened below the deep clay unit identified at IR Site 70. Although it is not
certainly known that these supply wells extract groundwater from above the deep clay
unit, it appears likely that they affect the hydraulic gradients within the plume area.

Water level data collected during the ERSE investigation, EW-70-01 pumping test, and
EW-70-01 pilot test indicated seasonal water level fluctuations with a range of 5 feet or
mote at monitoring wells in the interbedded unit, first sand unit, and second sand unit
Potentiometric head differences between the interbedded unit and the first sand unit 1ange
from 0.5 to 4 feet downward and are typically 1 to 3 feet. Head differences between the
first and second sand units are much less and 1ange from 0.0 to 0.3 foot downward. The
head differences and seasonal fluctuations are suspected to result from local groundwater
usage by agricultural wells to the southeast, possibly from groundwater usage by more
distant municipal wells to the north, and from groundwater injection to the west.

The horizontal hydraulic gradient is generally southeast However, the shallow
groundwater appears to have a seasonal reversal from southeast to northwest. Hydraulic
gradients determined from water levels measured during the ERSE investigation (ERSE
Report, Appendix G3) were:

¢ interbedded unit — 0.0007 to 0.001 southeast in August 1996, and 0.0005 to
0002 in March and April 1998;

* uppez portion of first sand unit— 0.001 — 0.003 southeast in August 1997, and
(.0005 10 0.002 southeast in March and April 1998; and

¢ lower portions of first sand unit and second sand unit — 0.0005 to 0.003
southeast, with average of 0.001, in April 1998.

Hydraulic gradients determined from water levels measured during the EW-70-01 pilot
test (Technical Memotandum No. 5, Figures 3-9 through 3-14 [BNI, 1999c]) are:

¢ interbedded unit - affected by pumping test and pilot test, but with apparent
gradient of 0 0006 northwest in November 1998;

+ upper portion of first sand unit — 0.0009 southeast in November 1998, and
0.0006 south-southeast in February 1999; and

¢ Lower portions of first sand unit and second sand unit - 0.002 southeast in
Novernber 1998, and 0.006 southeast in February 1999.

The horizontal hydraulic gradient is slightly reduced in the winter in the first and second
sand units, while the interbedded unit shows a giadient reversal. A median horizontal
hydraulic gradient for the first and second sand units is 0.001 to 0 0015 southeast.
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R-E2.1.2 Plume interpretation

A two-dimensional interpretation was developed by BNI (2002) for several depth
intervals of the IR Site 70 TCE plume using SURFER® software (Golden Software
1997) and a kriging technique with logarithmic concentration values. An interpolation
grid spacing of 10 feet was used for samples from depth intervals of less than 40 feet bgs,
40 to 62 feet bgs, 76 to 100 feet bgs, and 133 to 172 feet bgs. Measured concentrations
were interpolated to the grid points in order to prepare an initial concentration input file
for the FS transport model. The grid is 4,000 feet in length (east-west) and 4,000 feet in
width (north-south). The TCE concentration data, sorted by decreasing total chlorinated
alkanes and alkenes, is listed in Table E2-1.

The resulting SURFER-generated contours are shown in Figures E2-2A through E2-2D
for the four depth intervals. Figure E2-2E shows sample locations for depths from 183 to
191 feet bgs, but only one sample slightly exceeded 5 pg/l.. Maximum concentrations
were used to represent data from multiple samples within a specified depth interval at an
individual boring. The resulting contours are similar to the manual interpretation
presented in the ERSE Report, Figures 4-34 through 4-39B, although the depth intervals
are slightly different. These contours are essentially the same as presented in Technical
Memorandum No. 5, Figures J-1 through J-4 (BNI, 1999c), but have been extended here
across the entire plume. With detection limits of 2 to 4 pg/L typically, SURFER contours
for concentrations below 5 pg/L are not likely to be accurate and are not presented. For
the transport model simulations, initial plume concentrations below 5 pug/L. were
neglected. The SURFER-generated contours from the FS were used to provide the basis
of the initial plume contours for the simulations of Alternative 11.

The 10,000-pg/L. contour in Figures E2-2A through E2-2C is assumed to represent a
source area potentially containing residual dense nonaqueous-phase liquid (DNAPL)
TCE One percent of the solubility of TCE is 11,000ug/L. Residual TCE may be present
within the interbedded unit (as discussed in the ERSE Report). Residual TCE consists of
DNAPL trapped in individual pore spaces and separated by water-filled pores and
possibly includes ganglia.

R-E2.2 NUMERICAL MODEL DEVELOPMENT

This section describes the modeling codes, grid, layers, hydraulic properties, and
transport properties incorporated into the RFS numerical model for Alternative 11. The
tlow model properties are summarized in Table R-E2-2, and the transport model
properties are summarized in Table R-E2-3
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Table E2-2
iR Site 70 - Flow Model Layer Properties
Elevation (ft, MSL) Hydraulic Conductivity, K°
Model Layer MODFLOW Vertical Layer Total Effective Specific
Layer Thickness, LAYCON Horizontal, K;, | Vertical, K, | Horizontal, | Vertical, K, Aunistropy Transmissivity," T Porosity,” Porosity,” Specific Si:orage,ll Sterage
No. Top to Bottom m (feet) Stratigraphic Unit” CODE? (cm/s) {cm/s) K. (fi/day) (ft/day) K, /K; (em/fs) (ft*/min) n n, Yield ? S, S, (ft1) Coefficient,' S

- 910 0.5 25 Surficial soils {Unsaturated surficial soils are included with model layer 1 for shallow clay)
1 6.5t0-105 17 Shallow clay 1 1.0E-6 1.OE-7 0.00283 0.000283 1/10 - 044 0.37 004 - -
2 -105t0-255 15 Interbedded unit - upper 3 0.0036 36E-4 10 10 1710 01 0.40 033 0.21 0.00027 0.004
3 -255t0-30.5 5 Interbedded unit - lower 3 5.0E-6 10E-7 00142 0.000283 1/50 49E-5 0.44 0.37 0.06 10E-5 50E-5
4 -305t0-525 22 First sand unit - upper 0 0 0056 5.6E-4 16 16 1/10 024 037 0.31 021 10E-3 22E-4
5 -52510-725 20 First sand unit - middle 0 0.‘0.14 00014 39 39 1710 054 032 027 021 10E-5 20E4
6 -72.5t0 91 18.5 First sand unit - lower 0 0014 0.0014 39 39 1/10 05 033 0.27 021 LOE-3 19E-4
7 -91 to -104 13 Shell horizon 0 0024 0.005 69 13.8 s 062 0.36 030 026 LOE-S 13E-4
8 -104 to -133 5 295 Second sand unit - upper 0 0.024 0002 69 6.9 1/10 14 036 0.30 026 LOE-5 30E-4
9 -133.5t0-163 29.5 Second sand unit - lower 0 0.024 0.005 69 138 1/5 i4 _ 036 030 026 10E-5 30E4
10 -163 t0 -175 12 Deep clay unit 0 LOE-6 10E-7 000283 0 000283 /10 24E-5 044 037 0.04 10E-3 12E-4
Notes:

*  Modified from Technical Memorandum No. 5, Table 4 1 (BNI, 1999b); includes further division of first and second sand units, addition of deep clay unit, lower hydraulic conductivity for fine-grained units, reduced anisotropy ratio of K./Ky
® MODFLOW LAYCON code: 1 indicates unconfined layer; 3 indicates confined/unconfined layer (can switch depending on water level); and 0 indicates confined layer.

c

Horizontal hydraulic conductivities are based upon the following:

First sand unit (upper pottion): based on mode! calibration to step drawdown test data {Technical Memorandum No. 5, BNI 1999b);

First sand unit (lower portion) and second sand unit: based on slug test results (Table E2 4);

Shallow clay, lower portion of interbedded unit, and deep clay unit: assumed values, typical for clay; slightly higher value for lower partion of interhedded unit, which indicates silts.
Vertical hydraulic conductivites are based upon the assumed values for vertical anisotropy:

Generally assumed K./K, = 1/10, which is typical for stratified materials;

Shell hoerizon and lower portion of second sand unit: K./Ks = 1/5, based on general absence of clays and silts;

Lower portion of interbedded unit: K./Ky = 1/50, which provides K, similar to clay units (low K, is required to achieve calibration to measured head differences).

d Transmissivity for model layer 2 is based on the shallow pilot test data (Technical Memorandum No 5, BN!, 1998b}; other transmissivities are calculated from the horizontal hydraulic conductivity multiplied by the saturated layer thickness (T = Kym).
f Total porosity is based on laboratory tests; results are listed in Table E2 5.
Effective porosity is assumed to be 83 percent of total porosity (ne = 0.83n), based on grain size evaluation (Technical Memorandum No 5, Table | 2, BNI, 1998h).
¢ Specific yield is based on typical values from literature of 0.02 to 0.07 for clay and sandy clay, 0.08 for silt, 0.21 for fine sand, and 0 26 for medium sand (Johnison, 1967).
" Specific storage is based on an assumed value of 0.00001 ft 1 typical for confined layers, but model layer 2 is based upon the storage coefficient determined from the pilot test results (Technical Memorandum No. 5, BNI 1999b}
' Storage coefficient is based on specific storage multiplied by layer thicknass (S = Ssm).
Acronyms/Abbreviations:

cy's - centimeters per second

ft?

— per foot

ft/day — feet per day
ft*/min — square feet per minute

ft,

MSL — feet (in relation to) mean sea level
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Tabie E2-3
[R Site 70 - Solute Transport Model Properties
Soil Butk Density® Porosity? Soil Organic Dispersivity! Diffusion Coefficient  Distribution Coefficient® Degradation Rate’
Modet  Medel Layer Initial Total Effective Carben Longitudin Transverse/ Vertical/ Retardatio  Dissolved Sorbed
Layer Depth Concentration s P Porosity, Porosity, Content,’ al, oy Longitudin ~ Longitudin D, D, K4 Ky n Factor,' Solute Phase
No. (t hgs) Stratigraphic Unit*® Data (glem®)  (kg/ft) n n, f,. (percent) {feet) al, ooy al, g/, {em®/s) (ft*/day) (ml/g) (ft’/kg) R {1/day) (1/day)
1 0to 195 Shallow clay 13-40 ft bgs (Fig. E2-2A) 1.51 428 044 037 046 2875 01 0.025 830E-6 7T72E-4 058 002 34 42E-4 42E-4
2 19510345 Interbedded unit - upper 13-40 ft bgs (Fig E2-2A) 158 447 04 033 11 2875 01 0025 830E-6 17264 014 00049 1.7 42E-4 42E4
3 3450395 Interbedded unit - lower 13-40 ft bgs (Fig. E2-24) 151 428 044 037 046 2875 01 00235 830E-6 772E4 0.58 002 34 42E4 42E4
4 39510615 First sand unit - upper 40-62 ft bgs (Fig E2-2B) 1.68 476 037 031 014 2875 01 0023 83GE-6 772E-4 018 0.0062 2 4254 42E-4
5 61510815 First sand unit - middle 40-62 ft bgs (Fig. £2-2B) 179 50.7 033 027 005 2875 o1 0025 830E-6 TI12E4 0.063 00022 14 0 0
6 8150 100 First sand unit - lower 76-110 ft bgs (Fig E2-2C) 179 30.7 033 027 005 2875 01 0025 8.30E-6 772E-4 0063 0.0022 14 0 0
7 10010 113 Shell horizon 76-119 1t bgs (Fig. E2-2C) 179 507 0.36 03 0.05 2875 01 0.025 830E-6 T72E4 0063 0.0022 1.4 0 0
8 113t0 1425 Second sand unit - upper 133-172 ft bgs (Fig. E2-2D) 179 507 036 03 0.05 2875 01 0.025 830E-6 772E4 0063 00022 14 v} o
9 142510172 Second sand unit - Iower 133-172 ft bgs (Fig E2-2D) 179 507 036 03 0.05 2875 01 0025 830E-6 772E4 C:063 0.0022 14 0 0
10 17210 184 Deep clay vnit 0 1.51 42.8 0.44 0.37 0.46 2.875 0.1 0.025 830E-6 7.72E4 0.58 0.02 34 0 0
Distribution Coefficient* Degradation Rate'
’ Dissolved and Sorbed Solute (1/day)
Model  Model Layer Initial cisDCE ICE yC
Layer Depth Concentration PCE K, TCEK,4 K4 VCK, Ethene K,y Chloride Ky Bioactiv  Inter-Barrier Bioactive  Inter-Barrier
No. (ft bgs) Stratigraphic Unit*” Data (ml/g) (mb/g)  (ml/g)  (mlfg) (ml/g) (mb/g) e Zone Zone Zone Zone
1 G195 Shallew clay 13-40 ft bgs (Fig E2-2A) 183 058 058 145 139 0 0173 0.003 0173 0003
2 19510345 Interbedded unit - upper 13-40 ft bgs (Fig. E2-2A) 044 014 0.14 035 033 0 0173 0.003 0173 0.003
345t0395 Interbedded unit - lower 13-40 fi bgs (Fig. E2-2A) 183 0.58 058 145 139 0 0173 0003 0173 0003
4 395t 615 First sand unit - upper 40-62 ft bgs (Fig E2-2B) 0356 018 018 044 042 o 0173 0003 0173 0003
5 615815 First sand unit - middle 40-62 ft bgs (Fig. E2-2B) 020 0063 0063 0.16 015 0 0173 0.003 0173 0.003
@ 81.5t0 100 First sand unit - lower 76-110 ft bgs (Fig E2-2C) 020 0.063 0063 016 0.15 0 0173 0003 0173 0003
7 100to 113 Shell horizon 76-110 ft bgs (Fig E2-2C) 020 0063 0.063 016 615 0 0173 0.003 0173 0.003
8 113to0 1425 Second sand unit - upper 133-172 ft bgs (Fig. E2-2I)) 020 0063 0063 01le 015 0 0173 0003 0173 0.003
9 14250 172 Second sand unit - lower 133-172 ft bgs (Fig. E2-2D) 020 0.063 0063 016 015 0 0173 0003 0173 0003
10 172 t0 184 Deep clay unit 0] 1.83 0.58 0.58 1.45 1.39 0 0.173 0.003 0173 0.003
Notes:
a

Modified from technical Memorandum No. 5, Table 5-1 {BNI 1999b); included further division of first and second sand units, and addition of degradaticn rate for shallow layers.

Properties for fine-grained lower portion of interbedded unit and deep clay unit assumed to be the same as the shallow clay unit. Properties for the shell horizon assumed to be same as second sand unft

Soil bulk density from laboratory data (Table E2-5). Average soil bulk density of 1.79 used for layers 5 through 9

Total and effective porosity from Table £2-2.

Soit Organic Carbon content from laboratory data (Table E2-7); however, soil organic carbon content for fayers 5 through 9 based on calibrated transport model for deep plume in ERSE Report (BNI 1998)

Dispersity values are based on the calibrated transport model for the deep plume in the ERSE report (BNI 1998), with a.=2 5% of travel distance, where travel distance is assumed to be one-half the radius of influence measured from the shallow pilot test.

Diffusion coefficient based on literature value {E2-8).

Distribution coefficient used by BNI (200), Ky = fue X Koo = 126 cmafg (U.S. EPA 1986)

Retardation factor, R = 1 + (Po/ne} Ky (Freeze and Cherry 1979).

Degradation rate (used by BNI (2000} for pump and treat models) assumed negligible in deep portion of plume; shallow degradation rate based on literature value {Table E2-8)

Distribution coefficients used for Alternative 11 simulations correspond to mean K. values quoted in Aziz et al. {2000), where Ks was calculated from Ky = foe X Ko (Koo (PCE) = 398 L/kg, Koc (TCE) = 126 L/kg), Ko (ciSDCE) = 126 L/kg, Ko {VC) = 316 Lrkg, Koo

{ethene) = 302 L/kg, and chloride assumed to be conservative (Ky = 0)).

' Reaction rate constants outside of the influence of the biostimulated zones are assumed to be the mean values quoted in the literature by Suarez and Rifai (1999) Due 1o the presence of degradation byproducts, natural attenuation was assumed to occur at alt depths.
Within the bioactive zones, a conservafive estimate of 4 day half-lives is assigned to all variables except chloride, which is assumed to not degrade. Typical half-lives for chlorinated ethenes in biostimulated zones are hours to a few days (Major et al., 2002),

e = I A T W+ T -

Acrongrms/Abbreviations:
¢’ /g - cubic centimeters per gram ft bgs - feet below ground surface PCE - tetrachloroethene VC - vinyl chioride
em’/s - square centimeters per second ft*/day - square feet per day TCE - trichloroethene
cm/sec - centimelers per second ft%kg - cubic feet per kilogram ¢isDCE - cis-1,2-dichloroethene
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Appendix R-E2 IR Site 70 Transport Model

R-E2.2.1 Modeling Codes

The groundwater flow and transport modeling codes used for simulating remedial
Alternative 11 (bioremediation of source and plume) were Visual MODFLOW 2000 and
RT3D2.5 respectively. The groundwater transport modeling code RT3D2.5 simulates
advection, dispersion, and decay of contaminants in 3-D flow systems, and also simulates
the sequential decay of TCE through to cis-1,2-dichloroethene (cisDCE), vinyl chloride
(VC), ethene, and chloride through reductive dechlorination. RT3D is designed to be
used in conjunction with a block-centered finite difference flow model such as
MODFLOW.

R-E2.2.2 Model Grid, Boundaries, and Sinks

A horizontal grid of 25-foot spacing was used for Alternative 11 within IR Site 70. The
grid spacing was then increased to 50 feet, 100 feet, 200 feet, and finally 400 feet,
approaching the model boundaries. The model horizontal dimensions are 18,000 by
11,000 feet. The model horizontal gtid 1s shown in Figure R-E2-4.

The model horizontal dimensions are dictated by the need to include the nearest water
supply wells that appear to be affecting the groundwater gradients within the plume. The
locations of these wells, SEA-SB, W-4746, and KAYO-SB, are shown on Figure R-E2-4.
Other water supply wells are located north and west of IR Site 70, but appear to have less
of an effect on the plume, based on the current configuration of the plume and the recent
hydraulic gradient determined from water levels in plume monitoring wells. The three
supply wells noted above are included as hydraulic sinks within the model. These wells
extend approximately 400 feet bgs, and the assumption is made that 25 percent of the
pumped groundwater is derived from the second sand unit, with the remainder of the
pumped quantity coming from coarse sands below the deep clay unit. Navy Water Wells
Nos. 2, 3 and 6 are inactive. The City of Seal Beach Well SB-7 has not been used for
water supply for 14 years (and perhaps for 18 years), although the well is functional and
could be used for an emergency (Bramlett 2000). Because these wells are not currently
affecting the plume, pumping rates were not assigned for the flow model.

The following purnping rates and usage periods were assumed for the flow model.

s KAYO-SB. A pumping rate of 600 gpm was measured in July 1999 and is
repottedly used for 9 months per year; an assumption of 150 gpm pumping rate
from the second sand unit for 9 months per year is made for purposes of the
modeling

¢  W-4746. A pumping rate of 500 gpm was measured in July 1999 and is
reportedly used for 12 months per year; an assumption of 125 gpm pumping rate
from the second sand unit for 12 months per year is made for purposes of the
modeling

o SEA-SB. A pumping rate of 650 gpm was measured in July 1999 and is
reportedly used only 3 months per year, which corresponds to 162.5 gpm for 3
months; to simplify the model simulations, an assumption of an equivalent usage
of 50 gpm for 9 months per year is made for purposes of the modeling.
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Appendix B-E2 IR Site 70 Transport Model

For the model simulations, a high pumping period (325 gpm from the second sand unit)
at the three agicultuial wells is assumed for 9 months each year, and a low pumping
petiod (125 gpm) is assumed for 3 months each year.

Seasonal recharge was applied to the upper model layer in the area east of Kitts Highway,
in an aftempt to obtain a seasonal 1eversal of the horizontal hydraulic gradient in the
interbedded unit. Rechaige was assumed to occur for 3 months during the winter season,
when precipitation is highest and evapotranspiration is lowest. A recharge rate
equivalent to 2 inches per year was assumed, which is approximately 10 percent of the
annual precipitation.

The vertical grid for the model is composed of ten layers to represent the six
hydrostiatigraphic units from the shallow clay unit to the deep clay unit, as shown in
Figure E2-1. The bottom of the deep clay unit is a no-flow boundary for the model. The
surficial soils and shallow clay unit are combined into a single model layer. The
interbedded unit is divided into two model layers. The first sand unit is divided into three
model layers. The shell horizon is a separate layer. The second sand unit comprises the
next two model layers. Finally, the deep clay unit makes the lowest model layer. The
layer depths, thicknesses, and elevations are presented in Figure E2-1.

The model sides are treated as general-head boundaties for all layers above the bottom
layer. Constant-head boundaries are assigned to the sides of the bottom layer. The initial
heads at the boundaries were assigned to provide a horizontal hydraulic gradient of
approximately 0.0015, based on water level measurements within the plume area, and to
allow a downward head difference of approximately 1 to 3 feet between the interbedded
unit and the first sand unit.

R-E2.2.3 Flow Model Properties
The flow model layer properties required for the model simulations are the following:
» Horizontal hydraulic conductivity;
e Vertical hydraulic conductivity;

¢ Specific yield (for the water-table layer and layers in which pumping may cause
water levels to drop below the top layer, 1.e., layers 1 and 2); and

e  Specific storage (for confined layers, layers 2 through 10).

These property values used in the modeling simulations are summarized in Table R-E2-2.
Property values assumed by Bechtel (2002) were used for purposes of simulating
Alternative 11. This section describes the basis for the selected property values, as
described in the FS (BNI, 2002).

Table R-E2-2 also includes model layer elevation and thickness, vertical anisotropy ratio,
vertical conductance, transmissivity, total porosity, effective porosity, and storage
coefficient. Model layer elevations and thicknesses are based largely upon the
continuous core logs for EW-70-02 (near pumped well EW-70-01) and CC-70-03, but
also upon the cross-sections in the ERSE Report. Transmissivity is the thickness
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Appendix R-E2 [R Site 70 Transport Model

muitiplied by the horizontal hydraulic conductivity. Total porosity and effective porosity
are provided for comparison to specific yield values. The storage coefficient is the
specific storage multiplied by layer thickness.

Layer properties are based upon test data as available. Test data include the pumping test
and pilot test at EW-70-01, the step test at EW-70-02, slug tests in monitoring wells, and
geotechnical laboratory tests. Analysis of the 3-month pilot test and 5-day pumping test
at EW-70-01 provides an estimate of transmissivity and storage coefficient for the upper
portion of the interbedded unit (Technical Memorandum Nos. 4 [BNI, 1999b] and 5
[BNL 1999c]). The step test at EW-70-02 provided data for an estimate of transmissivity
and storage for the upper portion of the first sand unit (Technical Memorandum No. 4,
BNI, 1999b) Slug tests, providing a2 measure of hydraulic conductivity, have been
performed in monitoring wells in the interbedded unit, first sand unit, shell horizon and
second sand unit (Table E2-5). Remaining properties required for the model are
assumed, based upon literature values where appropriate, and adjusted through model
calibration as described in previous reports that included modeling analysis for IR Site 70
(ERSE Report [BNI, 1999a] and Technical memorandum Nos. 4 [BNI, 1999b] and 5
[BNI, 1999c]). Further discussion of the property assumptions is provided below.

The horizontal hydraulic conductivities for the shallow clay unit (model layer 1) and the
deep clay unit (model layer 10) are assumed to be 1 x 10 centimeters per second (cm/s).
(The thin unit of unsaturated surficial soils is neglected in the flow model). Massive clay
typically has a hydraulic conductivity of less than 1x 107 cm/s (U.S. Bureau of
Reclamation, 1981). Silt, clay, and mlxtures of sand, silt, and clay typically have
hydraulic conductivities ranging from 1x 10*cm/s to 1 x 107 cm/s (U.S Bureau of
Reclamation, 1981). The geologic logs indicate the shallow clay unit has low plasticity, a
trace of caliche nodules, and a trace of fine-grained sand, and can include sandy clay,
sandy silt, and silty sand, although clay is predommant The shallow clay unit is not
considered massive clay, but a value of 1 x 10 cm/s reflects the predominance of clay.

The deep clay unit is commonly silty clay with a trace of sand, and can include clayey
silt, sandy silt, and silty sand, although clay appears pxedommant The deep clay unit is
also not considered massive clay, but a value of 1 x 10 cm/s teflects the predominance
of clay.

The horizontal hydraulic conductivity for the upper portion of the interbedded unit
(model layer 2) is based on the pumping test resulis for EW-70-01, where the
transmissivity was determined to be 0.1 ft/min. Based on a saturated thickness of 15
feet, as indicated by continuously cored EW-70-02, the hydraulic conductivity is
0.036 cm/s.

The horizontal hydraulic conduct1v1ty of the lower portion of the interbedded unit (model
layer 3) is assumed to be 5 x 10® cm/s. This pottion of the interbedded unit includes a
variable interbedded silt and clay and sometimes sand. Because the fine-grained portion
dominates this model layer but silt and sand are included, the value selected is biased to
the upper range for mixtures of sand, silt, and clay (U.S. Bureau of Reclamation 1981).
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Appendix R-E2 IR Site 70 Transport Model

The horizontal hydraulic conductivity for the upper portion of the first sand unit (modet
layer 4) is based on the numerical model calibration for Step Test No. 2 at EW-70-02
(Technical Memorandum No. 4, BNI, 1999b) The slug test results at MW-70-04,
located ncar EW-70-02, indicate a hydraulic conductivity of 0.0027 cm/s (Table E2-4).
However, the step test is considered to provide a more teliable determination of hydraulic
conductivity, and a value of 0.0056 cm/s was shown to provide a reasonable match
between the model simulation and the test data.

The horizontal hydraulic conductivity for the middle and lower portion of the first sand
unit (model layers 5 and 6), the shell horizon (model layer 7), and the second sand unit
(model layers 8 and 9) are based on the geometric means of slug test results for
monitoring wells. Four tests in the lower portion of the first sand unit (and partially
screened in the shell horizon), at wells MW-70-07, MW-70-12, MW-70-13, and
MW70-16, indicate an average hydraulic conductivity of 0.014 cm/s (Table E2-4). Three
tests in the second sand unit, at wells MW-70-09, MW-70-14, and MW-70-15, indicate
an average hydraulic conductivity of 0.024 cm/s (Table E2-4). The slug test results
indicate a geneial increase in hydraulic conductivity with depth, as shown in Figure E2-5,
which is consistent with the increasing proportions of medium- and coarse-grained sand.

The shell horizon is described in the ERSE Report as consisting of typically fine- to
coarse-grained sand, locally fine to medium grained, with shell content ranging from a
trace to over 50 percent. For the model simulations, a horizontal hydraulic conductivity
equivalent to the second sand unit is assumed, based on the field geologist’s observations
of similar percentage of coarse-grained sand.

The vertical hydraulic conductivity is generally assumed to be one tenth of the horizontal
hydraulic conductivity. However, exceptions were made for the interbedded unit, shell
horizon, and second sand unit. For the lower fine-grained pottion of the interbedded unit
(model layer 3), a ratio of 1:50 is assumed for vertical to horizontal conductivity. This
higher ratio is considered justified because of the mix of silts and clays, with the clay
controlling the vertical hydraulic conductivity and silt controlling the horizontal hydraulic
conductivity. For the shell horizon and the lower portion of the second sand unit (moedel
layers 7 and 9), a ratio of 1:5 is assumed for vertical to horizontal hydraulic conductivity.
The lower ratio is considered justified because of the significant lack of clay lenses in
these layers. Vertical to horizontal anisotropy ratios typically range between 1 and 100
(Marsily 1986).

The anisotropy ratios selected for the model layers are intended to reflect the observed
stratigraphy and the measured head differences between layers. A significant head
difference exists between the interbedded unit and the first sand unit, and a negligible
head difference exists between the lower poition of the first sand unit and the second
sand unit. Head differences between the interbedded unit and the upper portion of the
first sand unit are typically 1 to 3 feet, while head differences between the lower portion
of the first sand unit and the second sand unit are typically 0.0 to 0.3 feet (Table E2-6).
The anisotropy ratios also reflect the higher degree of interbedded fine-grained materials
in the upper units compared to a lower degree of interbedded fine-grained materials in the
deeper units. The anisotropy ratios are difficult to estimate, but the flow model
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Appendix R-E2 IR Site 70 Transport Model

calibration indicates a ratio of 1:10 to 1:50 is required for the upper model layers. These
ratios provide a reasonable match to the observed water level responses during the
pumping test at EW-70-01 and to the observed downward gradient that occurs throughout
the year.

The total porosity values shown in Table R-E2-2 are averages for the model layers based
upon geotechnical laboratory test results (Table E2-5). The shallow clay unit (model
layer 1) has an average porosity of 43 or 44 percent, based on 9 or 26 samples, depending
whether vadose zone clay samples are included. The upper portion of the interbedded
unit (model layer 2) has a value of 40 percent based on three samples, and the lower
portion of the interbedded unit (model layer 3), dominated by fine-grained material, is
assumed the same as the shallow clay unit. The value for the upper portion of the first
sand unit (model layer 4) is 37 percent based on six samples The value used for the
middle and lower portions of the first sand unit (model layers 5 and 6) is 33 percent based
on six samples. The value for the second sand unit (model layers 8 and 9) is 36 percent
based on seven samples. This value is also assumed for the shell horizon. For the deep
clay unit (model layer 10), the total porosity is assumed to be the same as the shallow
clay unit. Effective porosity values are difficult to estimate, but must be less than total
porosity. The effective porosity values are assumed to be 83 percent of total porosity,
based on the mean grain-diameter relationship for porosity components (Marsily 1986,
and Technical Memorandum No. 5, Table I-2 [BNI, 1999c]).

Assumed values for specific yield are based on typical values for various grain sizes A
specific yield of 0.02 to 0.07 is typical for clay and sandy clay, 0.08 is typical for silt,
021 is typical for fine sand, and 0 26 is typical for medium sand (Johnson, 1967). A
value of 0.04 was selected for the shallow clay unit and deep clay unit, which are
predominantly clay. A value of 0.06 was selected for the lower portion of the
intetbedded unit, considered a mixture of clay and silt. A value of 0.21 was selected for
the upper portion of the interbedded unit and the first sand unit as being typical for fine
sand A value of 0.26 was selected for the shell horizon and the second sand unit, where
medium sand appears to be dominant.

Specific storage is generally 0 0001 per foot (ft™) or less (Fetter, 1994), and the storage
coefficients for confined aquifers typically range from 0.005 to 0.00005 (Freeze and
Cherry 1979) or 0.001 to 0.00001 (Driscoll 1986). For the shallow clay unit
{unconfined), the storage coefficient is equal to the specific yield (Driscoll 1986). For the
upper portion of the interbedded unit, the storage coefficient was determined from the
pilot test data to be 0.004 (Technical Memorandum No. 5, BNI, 1999¢), resulting in a
spectfic storage of 0.006027. The specific storage value for model layers 3 through 10 is
assumed to be 0.00001, a median value within the typical range given above by Freeze
and Cherry (1979) and Driscoll (1986).

R-E2.2.4 Solute Transport Model Properties

The layer properties required for the transport model simulation include dispersivity,
soil/water distribution coefficient, soil bulk density, effective porosity, and degradation
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iate. Table R-E2-3 summarizes the property values used in the modeling simulations.
This section describes the basis for the selected property values.

Effective porosity values are those specified in Table R-E2-2 for the flow model, and soil
bulk density is derived from laboratory tests on soil samples from IR Site 70 (Table E2-5
[BNI, 2002)).

Dispersivity values are based on the calibration results for the transport model described
in the ERSE Report, where the longitudinal dispersivity was determined to be 2 5 percent
of the travel distance, the transverse/longitudinal dispersivity ratio was 0.1, and the
vertical/longitudinal dispersivity ratio was 0.025

The distribution coefficient (K,) is based upon the equation Ky = K¢ X foo (Marsily 1986),
where K, is the organic carbon distribution coefficient, and f,. is the fraction of organic
carbon in soil. The fraction of organic carbon is derived from laboratory tests on soil
samples from IR Site 70 (Table E2-7), and the K, value is derived from the literature.
The f,. values are high near the surface, but decrease significantly below 10 feet bgs, as
shown on Figure E2-6 (BNI, 2002).

Fate and transport properties for the primary plume contaminant TCE and daughter
products cis-DCE, VC, ethene, and chloride are derived from representative values
provided in the literature (Table E2-8 [BNI, 2002]). Properties requited for the transport
model include the organic catbon-to-water partitioning coefficient (Ko — see Table E2-8
for assumed values for each constituent) and the aqueous diffusion coefficient (D),
which is 8 3 x 10° square centimeters per second (Cohen and Meircer 1993).

For the simulations of remedial Alterative 11, degradation rates of TCE, cisDCE, VC,
and ethene are included for all units, with variable rates cortesponding to zones where
bioactivity has been stimulated through the injection of emulsified vegetable oil and a
dechlorinating culture, and zones where natural attenuation is occurring. For the
bioactive zones, a 4-day half life was assumed for all compounds. Typical half-lives
observed in biostimulated zones are in the range of a few hours to a few days; therefore, a
half-life of 4 days represents a conservative estimate. For the natural attenuation zones,
degradation half-lives of the various compounds were taken to be mean values quoted in
Suazez and Rifai (1999; see Table R-E2-3 for details).

R-E2.3 MODEL SIMULATIONS

Section R-E2.4 of the RFS discusses only Alternative 11. A discussion of the model
simulations of Alternatives 6 to 10 is included in the original FS (BNI 2002). Section R-
E2.4.1 discusses the biobarrier layout required for source and plume bioremediation for
Alternative 11. Section R-E2.4.2 describes the initial conditions for the flow and
transport simulations. Section R-E2 43 presents the simulated plume concentrations.
Section R-E2 4.4 discusses the simulated mass removed. Finally, Section R-E24 .53
provides a summary of the relative effectiveness of the alternatives.
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R-E2.3.1 Alternative 11 - Biobarrier Layout

The number of biobarriers and barrier spacing for plume treatment for Alternative 1 was
originally estimated targeting a five-year travel time between barriers and assuming an
average groundwater velocity of 100 ft/year in the upper and lower sand units. The
biobartiers were represented in the model as zones with higher degradation rate
constants. Within the source area, a uniform grid of wells on 25 ft centers was assumed —
this was represented as a cubic zone of enhanced biodegradation rate constants in the 200
by 300 ft area containing TCE concentrations greater than 10,000 ug/L. One additional
biobarrier is located to the north of the source area to contain any mass flux out of the
source area during seasonal reversals of the groundwater gradient.

Due to limitations in the modeling code, residual DNAPL is not represented in the
transport model. ‘The RT3D modeling code does not include multiphase modeling
kinetics, and no information is available regarding the mass or distribution of DNAPL
present in the subsurface.

R-E2.3.2 Initial Conditions for Alternative 11

This section provides a description of the initial heads and initial concentrations used in
the modeling simulations for remedial Alternative 11.

As noted 1n Section E2 2.1, the following characteristics for water levels have been
observed.

¢ Water levels fluctuate seasonally by 5 feet in the interbedded unit, first sand
unit, and second sand unit (Technical Memorandum No. 5, [BNI, 1999¢]
Appendix F).

» Head differences between the interbedded unit and first sand unit are typically 1
to 3 feet downward.

e Tlead differences between the first and second sand units range form 0 to 0.3
foot downward

e Seasonal fluctuations that occur in all hydrostratigraphic units likely result from
seasonal variation in water well usage at agricultural wells and, perhaps, at more
distant municipal wells.

Furthermore, other characteristic of the head differences between specific
hydrostratigraphic units and seasonal fluctuations include the following:

» Head differences between units are lower duting winter periods of high water
levels (corresponding to reduced agricultural well pumping) compared to early
autumn periods of low water levels

¢ The seasonal change in the head difference between any two specific
hydrostratigraphic units is less than the total seasonal fluctuation in water levels
for either unit.

e The seasonal change in water levels appears to occur simultaneously in ali
hydrostratigraphic units.
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Appendix R-E2 IR Site 70 Transport Model

The average simulated water levels, horizontal hydraulic gradients, and vertical head
differences, are sufficiently similar to measured data within the IR Site 70 plume area
that plume migration can be reasonably simulated with rtespect to these hydraulic
parameters. The simulated horizontal hydraulic gradient was approximately 0.0010,
compared to measured gradients of approximately 0.0010 to 0 0015. The simulated head
differences between model layers 2 and 4 is approximately 1 to 2 feet downward,
depending upon the period of simulated seasonal agricultural well pumping, compared to
typically measured values of 1 to 3 feet downward. The simulated head differences
between model layers 6 and 9 is negligible, compared to measured values of 0 to 0.3 foot.
The simulated seasonal cyclic fluctuation in potentiometric heads was approximately 1
foot, compared to the measured fluctuation of 5 feet during 1998 to 1999

Difficulty was encountered with model simulations in matching the 1ange of seasonal
fluctuations in water levels and head differences. Simulated fluctuations were less than
half of the observed fluctuations Although an impiovement in matching seasonal
fluctuations of heads and head differences would provide higher confidence in the model,
the existing model is deemed acceptable for the purpose of comparing long-term remedial
alternatives because a reasonable match was obtained for average water levels and
average vertical head differences, as indicated earlier in this section,

The simulated initial potentiometric heads for model layeis 2 and 6 are shown in Figures
R-E2-12A through R-E2-12D. Potentiometric heads are shown for these two layers for
two periods during each year: a period of high pumping from agricultural wells and
another period of low pumping from agricultural wells, as discussed in Section R-E2.3.2.
The simulated heads for model layers between 4 and 9 are all similar to model layer 6
and are not individually shown. Simulated heads for model layers 1, 3, and 10 are not
shown because these are fine-grained layers, and measured data on heads are not
available for useful comparison.

Seasonal reversal of the horizontal hydraulic gradient within the shallow plume (e,
within the interbedded unit) was not simulated, although cyclic fluctuations in
agricultural well pumping and recharge in agricultural areas were included in the model.
Other influences on shallow water levels are likely present.

Initial concentrations for the model layers are shown in Figures R-E2-14A through R-
E2-14D. As shown in these figures, similar concentration distributions were used for two
or more model layers. Model layers 1, 2, and 3 were assumed to have similar
concentrations. Model layers 4, 5, 6 and 7, and 8 and 9 were respectively assumed to
have similar concentrations. Model layer 10 was assumed to have negligible
concentrations. Areas of TCE concentrations interpreted to be less than 5 pg/L are not
included in the model because of the difficulty in determining extent for some arcas and
because of the nominal increase in mass.

Few measured concentrations in the shallow clay are available (three samples at less than
20 feet bgs) because of the difficulty in obtaining groundwater samples from the fine-
grained material Concentrations reported for vadose zone soil samples from the shallow
clay suggest that the saturated shallow clay will have lower concentrations than the
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Appendix B-E2 IR Site 70 Transport Model

interbedded unit, in which case the assumed initial concentrations will have been
overestimated.

R-E2.3.3 Simulated TCE Concentrations

Before the modeling simulations were begun, a decision was made to limit the simulation
periods to 30 years because of increasing uncertainty of predictions for long periods,
although in a few model layers the simulated TCE concentrations may still exceed 5

ng/L.

The concentration contours are provided to demonstrate treatment of the plume and
source in Alternative 11 and support the evaluation of relative effectiveness among the
alternatives. The simulated concentrations for Alternatives 6 through 10 are presented in
the original FS (BNI 2002) for 10-year intervals.

Simulated concentrations are shown in Figures R-E2-44 through R-E2-52 (model layers 1
through 9) for Alternative 11. Times of 6 years and 15 years are shown as these
correspond to the maximum targeted duration of plume (6 years) and source treatment
(15 years).

R-E2.3.4 Simulated TCE Mass Removed

The simulated mass removed for in situ bioremediation for Alternative 11 is shown in the
mass balance summary presented in Table R-E2-9, which includes the initial mass
distribution by layer and the final mass disposition after termination of treatment (ie.,
50 years for Alternatives 6 through 10, and 15 years for Alternative 11).

The mass removed by in situ bioremediation has been estimated by subtracting the initial
mass present from the end mass, calculated using a volume-weighted approach based on
the final concentration contours. The MT3D mass budget summary could not be used to
estimate mass removal as RT3D was used as the reactive transport module in place of
MT3D; RT3D does not contain the mass budget summary capability. While the volume-
weighted approach does not provide the same level of accuracy as the MT3D mass
budget summary, it does provide an adequate estimate for evaluating mass removal
effectiveness.

It should be noted that, due to the assumption of a constant concentration boundary
condition in the source area over the first 15 years, the mass estimates in layer 1 are likely
overestimated. As stated in Section R-E2 4.2, measured TCE concentrations and
indications of significant presence of DNAPL mass in the shallow clay layer are minimal
in number; therefore, results in layer 1 are not likely to be representative of actual
conditions

A comparison of mass removal effectiveness for the alternatives is summarized in the
next section.
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figure R-E2-44A - Simulated Concenirations for Alternative 17 -
Modei Layer 1 - é Years

Figure R-E2-44B - Simulated Concentrations for Alternative 11 -
Medel Layer 1 - 15 Years

. -
/
/
i
i t
3] 2000 4000
scale (feef)
Revised Groundwater Feasibility Study for IR Site 70
Figure R-E2-44A, B
IR Site 70 - Simuiated Concentrations for
B Alfernative 11 - Model Layer 1 - 6and 15 Years
3 legend
E . Naval Weapons Slation, $eal Beach, California
& —.6—  Contours of simulated TCE conceantrations,
3 in micrograms per fter {pg/l) Daie: 771 2/04
2 Wamg, GROSYNTEC Fife: Mot 1 27R4ST3
Lg Source Areq Treaiment ’ﬂ.(}crmm:mms Joi No: HYoees
H Rens Mot A

Revised Appendix E2 — Final GW RFS Report IR Site 70, NAVWPNSTA Seal Beach, SB  page R-E2-18

Civriwbinal RFS\2005-RF5-Appendix E-25-08-05 doc




RFS/GeoSyntec Consultants
NA47408-04-C-7526
Date: 08/25/05

Appendix R-E2 IR Site 70 Transport Model
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Appendix R-E2 IR Site 70 Transport Model

R-E2.3.5 Relative Effectiveness of Alternatives

This section describes the relative effectiveness of Alternatives 6, 7, 9, 10, and 11 in
terms of total mass removed and time to achieve cleanup. The model simulation results
are shown as an initial and final mass balance summary in Table R-E2-9, as simulated
cumulative mass removed versus time in Figures E2-42 (in the original FS [BNI, 2002])
and R-E2-42, and as time required to achieve a concentration of 5 pg/L for each model
layer in Table R-E2-10. Table R-E2-10 also summarizes the number of wells, pumping
rates and biobarriers as relevant for cach model layer.

The time required to achieve cleanup is based on an assumed cleanup goal of 5 ug/L.. For
the model simulations conducted by BNI (2002), in situ treatment is assumed to
immediately achieve this cleanup goal within the source area (i.e., Alternatives 6 through
10). For Alternative 11, effectiveness of the source treatment in containing and treating
mass discharge from the DNAPL is evaluated by simulating the degradation rates of TCE
and its breakdown components (e.g., cDCE, VC, ethene). DNAPL mass removal
effectiveness could not be evaluated The ranking of alternatives in terms of time
required to achieve cleanup, from fastest to slowest, is as follows:

s Alternative 11, bioremediation using biobartiers (DA/DB), achieves a reduction
of TCE to 5 pg/L in the plume in less than 15 years. The majority of the plume
mass is removed within 4 to 6 years, after which MNA processes result in
complete degradation of the plume within the following 2 years.
Bioremediation (SA/SB) within the souice area is shown to successfully contain
and treat the mass discharge of TCE from the DNAPL and the resulting
daughter products. There are pockets of low concentrations of VC remaining
immediately surrounding the source zone, but these are expected to mitigate
once sufficient DNAPL mass has been degraded.

* Alternative 9, pump and treat (D3) and in situ treatment (S2), achieves a
reduction to 5 pg/L in all layers after 46 years. Layers below the interbedded
unit are reduced to 5 pg/L in 11 to 18 years. Extending the area of in situ
treatment within the fine-grained soils of the interbedded unit would reduce the
cleanup time for the fine-grained portion. (Simulating dewatering of the shallow
clay appears to cause a significant underestimation of cleanup time for this clay,
and underestimation is most significant for Alternatives 7 and 10, but negligible
for Alternative 6.)

¢ Alternative 6, hydraulic containment (D2) and in situ treatment (S2), achieves a
reduction to 5 ug/L in all layers after 25 to 47 years. (The cleanup time for the
shallow clay is negligibly affected by dewatering for this alternative.)

* Alternative 10, pump and treat (D3) and pump and treat (S3), fails to achieve a
reduction within 50 years to 5 pg/L in the fine-grained material of the
interbedded unit, although other layers below the shallow clay are reduced to 5
pg/l. within 11 to 34 years. (Aggiessive pumping is found to be
counterproductive to cleanup of the shallow clay and upper portion of the
interbedded unit because of dewatering effects.)
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Appendix R-E2 IR Site 70 Transport Model

*  Alternative 7, hydraulic containment (D2) and pump and treat (S3), fails to
achieve a reduction to 5 pg/L within 50 years in the fine-grained material of the
interbedded unit, although other layers below the shallow clay are reduced to 5
pg/L within 25 to 44 years.

Cleanup times could be underestimated for the first and second sand units, depending
upon the extent of localized silt and clay lenses and resulting increased adsorption and
decreased migration rate. In addition, cleanup times by pump and treat of the source area
in the shallow clay and interbedded unit could be significantly underestimated if potential
residual DNAPIL. is present. Moreover, as noted above, dewatering of the clay in
Alternatives 7, 9, and 10 likely causes an underestimate of the cleanup time for that layei.

The initial mass of dissolved and adsorbed TCE for the IR Site 70 plume is estimated as
3,300 pounds. For the total mass removed, the ranking of the alternatives, from most to
least effective, is as follows:

s Alternative 11, bioremediation of plume and source, removes approximately
3,280 pounds within the first 6 years Approximately 15 pounds of TCE is
estimated to undergo natural attenuation within the plume over the following
9 years The mass of TCE removed within the source area cannot be determined
at this time.

+ Alternative 9, pump and treat (D3) and in situ treatment (S2), removes
approximately 1,100 pounds by in situ treatment and approximately 1.900
pounds by pumping after 10 years. Approximately 300 pounds of TCE is
estimated to undergo natural attenuation degradation over 50 years.

e Alternative 0, hydraulic containment (D2) and in situ treatment (S2), removes
approximately 1,100 pounds by in sifu tteatment and approximately 1,800
pounds by pumping after 30 years. Approximately 400 pounds of TCE is
estimated to undergo natural attenuation degradation over 50 years.
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Appendix R-E2 IR Site 70 Transport Model

* Alternative 10, pump and treat (D3) and pump and treat (S3), removes
approximately 2,400 pounds by pumping after 10 years. Approximately 900
pounds of TCE is estimated to undergo natural attenuation over 50 years.

* Alternative 7, hydiaulic containment (D2) and pump and treat (S3), removes
approximately 2,300 pounds by pumping after 30 years. Approximately 1,000
pounds of TCE is estimated to undergo natural attenuation degradation over
50 years.

If residual DNAPL is present, initial mass and mass removed will have been significantly
underestimated in the simulations. The simulated mass removed by pumping for
Alternative 7 and 10, without in situ treatment, would be most affected, with much higher
mass removed and much longer pumping time. Regardless of numerical modeling results
that might have included residual DNAPL, it is appropriate to question whether pumping
alone could practically remediate to a concentration of 5 pug/L, particularly with fine-
grained soil present.

R-E2.4 MODEL UNCERTAINTY

This section summarizes model sensitivity analyses for selected parameters and provides
recommendations to reduce model uncertainty.

Significant areas of uncertainty in the modeling simulations include the following:
e Mass and distribution of residual DNAPL present;

» Biodegradation 1ate (enhanced and natural) in the plume, including the high-
concentration source area and shallow clay;

* Hydraulic conductivity, or transmissivity, in hydrostiatigraphic units without
pumping tests, i.e , below the upper portion of the first sand unit; and

* Hydraulic influence of agricultural wells within NAVWPNSTA Seal Beach and
possible influence from other more distant water supply and injection wells.

R-E2.4.1 Sensitivity Analysis

Additional model simulations for Alternative 11 (in situ bioremediation of dissolved
plume and source area) were evaluated for changes to uncertain parameter values that
might significantly affect the modeling results. The following sensitivity analyses were
evaluated:

¢ Biodegradation rate constant Changed natural attenuation biodegradation rate
constant for model layers 4 through 10 from 283 days to 0 (no degradation
occurring).

* Biobarrier spacing. Changed biobartier configuration from 6 biobarriers located
at 500 ft spacing, to 2 biobarriers placed at the plume toe only The sensitivity
of the remediation duration to the natural attenuation degradation half-life for
model layers 4 through 10 was evaluated for this biobarrier configuration by
determining the required treatment duration for natural attenuation half-lives of
283 days and 566 days
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The results of the sensitivity simulation with the biodegradation rate constant decrease
are summarized in Table R-E2-11. The assumed decrease in biodegradation rate constant
reduces the remedial effectiveness of the biobarriers. The time required to achieve a
maximum concentration of 5 gg/L in the plume increases from 6 to 8 years to >50 years,
assuming that electron donor addition was terminated after 4 to 6 years in the plume
(4 years at the toe of the plume, 6 years nearer the source where the concentrations are
higher). The groundwater within the boundaries of IR Site 70 reduces to below 5 ug/L
within this time frame, but the plume migrates off-site. If a lack of natural attenuation
was found to occur within the deeper zones, then oil application within the plume
biobarriers would need to extend to 10 years, from the current 4 to 6 year design, to
achieve 5 pgf/l. within the plume in less than 50 years.

The change in biobatrier spacing from every 500 ft to plume toe treatment only resulted
in the biobarrier operation being extended to 8 years  This duration of treatment is
highly sensitive to the rate of natural attenuation within the plume, as indicated by the
second set of runs where the natural attenuation half-life was doubled, and the resulting
treatment duration was increased to 20 years.

R-E2.4.2 Recommendations to Reduce Uncertainty

Activities for remedial design and remedial action may include additional numerical
modeling analyses to refine the biobarrier layout and operational period From the
lessons learned in the preparation of the conceptual model, numerical model, and
simulations, the following recommendations are included for subsequent development of
the remedial design, or if further analysis is performed for feasibility or pilot studies.
These recommendations would r1educe uncertainties for subsequent modeling
simulations:

¢  Microcosm study. Perform microcosm studies of natural attenuation and
enhanced bioremediation in both the source and plume to determine compound
specific degradation rates under enhanced bioremediation and natural
conditions.

e Tracer testing. Perform tracer testing in both the source and plume (first and
second sand units) using conservative tracers to evaluate the groundwater
velocity and direction under ambient flow conditions.

¢ Residual DNAPL. Define the extent and saturation level of potential residual
DNAPL or further define the extent of the high dissolved concentration area
{greater than 10,000 pg/l) to accurately delineate the source area for in sifu
treatment. Analyze soil samples for residual DNAPL and total VOCs from the
saturated shallow clay and interbedded unit. Include well sump sampling to
provide substantiation of absence of free DNAPL.

e Supply wells. Investigate municipal and agricultural wells and evaluate effects
on Site 70 groundwater levels, hydraulic gradients, and resulting plume
migration direction and 1ate Collect information on well construction, geologic
logs, and historic monthly well usage rates. This information would also be
required as a basis on which to develop appropriate institutional controls.
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Table R-E2-11
IR Site 70 - Sensitivity Analysis for Alternative 11

Simulated Time to Achieve TCE Simulated Maximum Concentration
Concentration of 5 ug/L. (vears) at Simulation End (pg/L)
Alternative 11 Base No Natural Alfernative 11 Base No Natural
Model Case Degradation in Case (Table R- Degradation in
Layer (Table R-E2-10) Deep Layers® E2-10) Deep Layers”
1 27 27 12,000 0
2 20 20 140 0
3 7 8 07 0
4 6 8 0 0.7
5 5 >50° 0 120
6 7 >50° 0 300
7 6 >50° 0 160
8 5 >50° 0 70
9 5 >50° 2 50
Notes:

? Decreased degradation rate, based on assumption of increased half-life (from 283 days to no
degradation between the biobarriers).

> TCE concentrations within IR Site 70 are below 5 pg/L; however, the plume has migrated off-site.

® Simulation end time is 15 years for the base case scenario, and 50 years for the scenario without
natural attenuation in the deeper layers.

Acronyms/Abbreviations:
DNAPL — dense nonaqueous-phase liquid
TCE — trichloroethene
49/l — micrograms per liter
> — greater than
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+ Biobarrier placement optimization. Perform optimization of biobarrier locations
(ie., determine most effective well locations) to minimize cleanup time and
cOsts,

e long-term monitoring. Perform long-term monitoring to confitm hydraulic
gradients, monitor for changes to hydraulic gradients caused by water supply
well pumping, and confirm plume degradation products.

¢ Plume extent. Although the plume extent is relatively well-defined, perform
additional HydroPunch® sampling to confirm plume extent in areas indicated to
have highest uncertainty according to kriging analysis.
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CLEAN §
CT0O-0127/0609
Date: G6/29/00

Section R-2 Remedial Action Objectives

Table 2-2
Constituents of Concern ~ IR Site 70

Percent of Total
Screening Fevel Tap Water Number of Frequency of
Constituent of Tap Water Carcinogenic Risk Samples Number of Detection
Concern Carcinogenic Risk  (All Constituents) Analyzed Detections (percent)
1,1-dichloroethene 7E-03 559 204 27 132
Trichloroethene 1E-02 847 204 96 47 1
Vinyl chioride 7E-03 59 204 18 838
Chloroform 3E-03 23 204 21 103
Total —_ 98.5 — — —
Acronyrm/Abbreviation:
IR — Instaliation Restoration {Program)
Table 2-4

Estimated IR Site 70 TCE Mass

- Groundwater Depth Interval Stiatigraphic TCE Mass*
Model Layer (feet bgs) Unit {pounds)

1 25-195 Shaflow clay 501

2 195-345 Interbedded unit — upper 475

3 34.5-395 Interbedded unit — lower 358

4 395615 First sand unit — upper 140

5 615-815 First sand unit — middie 5

6 81.5-100 First sand unit — lower 819

7 100113 Shell horizon 621

8 i13-1425 Second sand unit — upper 133

9 142.5-172 Second sand unit — lower 153

Total 3,295

Note:

* this is the mass of dissolved TCE; an unknown amount of DNAPL may also be present

Acronyms/Abbreviations:
bgs - below ground surface
DNAPL - dense nonaqueous-phase liquid
IR ~ Instaltation Restoration (Program;}
TCE - trichloroethene

Page 2-2 WPNSTA, Seal Beach Final Groundwater Feasibility Study Report, IR Sites 40 and 70
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CLEAN i
CTO0127/0609
Date: 06/29/00

Section R-2 Remedial Action Objectives

Table 2-6
Remedial Action Objectives — IR Site 70
Remediation Goal*
Constituent of Concern Exposure Route Receptor(s) {Leg/L)
1,1-dichloroethene Ingestion Future residential 6
groundwater users
Irichloroethene Ingestion Future residential 5
groundwater users
Vinyl chloride Ingestion Future residential 05
groundwater users
Chloroform Ingestion Future residential 100
groundwater users
Note:
* based on ARARs-based maximum contaminant level
Acronyms/Abbreviations;
ABRAR — applicable or relevant and approptiate requirement
IR ~ Installation Restoration {Program)
WPNSTA, Seai Beach Final Gronudwater Feasibility Study Report, IR Sites 40 and 70 Page 2-3

1/5/2004 5:01:47 PM chdecuments and settings/wptemp/desktopfinal gw fs report for sites 40 and 7¢/2000119¢ doc






CLEAN {!
CTO-0127/0609
Date: 06/29/00

Section R-2 Remedial Action Objectives

Tabie 3-3
Groundwater Alkalinity at IR Sites 40 and 70
Range of Alkalinity (as

iR Site Source of Data Depth Interval (feet) CaCO;, mg/L)

40 Well >30 166 — 351
31-40 188

41 --65 45 - 191
70 Temporary well point >30 155 --251
31-40 133-319
41-50 117 - 168
Well =30 218 -481
50-60 119-235
95 - 105 131 - 196
160 - 170 71-223
Drive point >30 236 - 627
31-40 140 -259
41 - 50 163 — 308
70-80 157 228

Acronyms/Abbreviations:
CaCo3 — calcium carbonate
IR — Installation Restoration (Pragram)
mg/L — mifligrams per liter

Tabile 3-4
Total Dissolved Solids in Groundwater at IR Sites 40 and 70
IR Site Source of Data Depth Inter val (feet) Range in TDS (mg/L)
40 Well <30 157 - 1,960
3140 2,540

4165 3.020- 11,700
70 Temporaty well point <30 1,010 — 13,000
31-40 1,430 -2,710

41-50 G835 - 6,630

70— 80 650 - 1,760

Well <30 1,550 - 7,105

50-60 710 - 2,100

95 - 105 655 - 1,330

160 - 170 1,040 - 5,620

Acronyms/Abbraviations:

IR — Installation Restoration {Program)
mg/l. — milligrams per liter
TDS — total dissolved solids

Page 2-2 WPNSTA, Seal Beach Final Groundwater Feasibility Study Report, IR Sites 40 and 70
10/5/2004 5:01:47 PM c\documents and settings/wptemprdesktopiinal gw fs report for sites 40 and 70.’20001 19¢c doc
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Figure 2-1
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